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The North Atlantic Regional Water Resources (NAR} Study examined
a wide variety of water and related land resources, needs and devices
in formulating a broad, coordinated program to guide future resource
development and management in the North Atlantic Region, The Study
was authorized by the 1965 Water Resources Planning Act (PL 89-80)
and the 1965 Flood Control Act (PL 89-298), and carried out under
guidelines set by the Water Resources Council,

The recommended program and alternatives developed for the North
Atlantic Reglon were prepared under the direction of the NAR Study
Coordinating Committee, a partnership of resource planners represent-—
ing some 25 Federal, regional and State agencies., The NAR Study
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020, with
bench mark planning years of 1980 and 2000.

The planning partners {ocused on three major objectives —- Nat-
ional Income, Regional Development and Environmental Quality -- in
developing and documenting the information which decision-makers will
need for managing water and related land resources in the interest of
the people of the North Atlantic Region.

In addition to the NAR Study Main Report and Annexes, there are
the following 22 Appendices:

. History of Study

+ FEconomic Base

. Climate, Meteorology and Hydrology

« Geology and Ground Water

Fleod Damage Reduction and Water
Management for Major Rivers and
Coastal Areas

F. Upstream Flood Prevention and

Water Management

G. Land Use and Management

He Minerals

I. Irrigation

J. TLand Drainage

K. Navigation

L. Water Quality and Pollution

M., Outdoor Recreation

N, Visual and Cultural Environment

O, Tish and Wildlife

P. Power

Q. Erosion and Sedimentation

R. Water Supply

5. Legal and Institutional Environment

T. Plan Formulation

U. Coastal and Estuarine Areas

V. Health Aspects

Ho W

o

WATE
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SYLLABUS

The mineral industry of the North Atlantic Region is important
to both the local and the national economy, with total production
valued at $1.3 billion in 1970. The leading commodities were
anthracite, bituminous coal, cement, crushed stone, and sand and
gravel. The high-level production of construction materials reflects
the urban-industrial density of the Region. Other important mineral
commodities were iron ore, lime, dimension stone, and zinc. TFuture
mineral production potential is good within the Region and the
opening of new mines can be anticipated. Technologic developments
in mineral extraction and processing will play a part in expanding
the development of mineral resources, but a timetable of such events
cannot be made at present.

An adequate water supply is essential to the production of
mogt mineral commodities, and mineral deposits are usually not con-
sidered to be visble if water is not availasble. Mineral processing
causes little consumptive loss of water but, like all uses of water,
it degrades the quality to some degree. The extent of degradation
of process water can be maintained within tolerable limits. The
presence of sulfide minerals in and adjacent to the mineral being
mined has caused serious pollution problems locally, and, in the
case of coal, many miles of stresms have been adversely affected.
Depleted and abandoned coal mines are the prineipal contributors of
water pollutants at present. State agencies with Federsal help have
programs underway to sbate polluticn from asbandoned mines. Adequately
enforced regulations and preplanning to avoid pollution can minimize
degradation of water by operating mines. Preplanning should include
provision for an effective shutdown program designed to prevent the
mine and waste piles from becoming a pollution source when the mine
is closed down or abandoned.

Areas and sites known to contain minerals have been described
and shown on maps to aid future planning for individusl river basins.
Principal emphasis hes been given to those minerals whose recovery
requires the use of water or may affect water. OFf speclal concern
to planners will be the availability of low-priced construction
materials without which economic development is retarded. In some
of the Basins of NAR, construction msterisls are in short supply at
present, and importation of these commodities at higher cost will be
necessary in the near future.
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CHAPTER 1
INTRODUCTTON

This report has been compiled by the United States Bureau of
Mines at the request of the U.S. Army Corps of Engineers, and is a
general appraisal of the mineral resources of the North Atlantic
Region (NAR). Data were compiled on the water-related mineral
commodities and their resources. Emphasis was placed on those
minerals whose productlon or processing 1nvolves the use of signi-
ficant quantities of water, or may cause water pollutlon, or may
result in solid waste disposal problems

The study covers the mineral industry in all New England
States, New Jersey, Delaware, and those portions of New York,
Pennsylvania, Maryland, Virginia, and West Virginia that are in the
New England and Middle Atlantic Areas established by the Water
Resources Council and designated as the North Atl&ntlc Region {(fig.
H-1). The study includes the analy51s of data on water use by the
mining industry and its waste water disposal problem.

General localities where mineral deposits occur in the Region
are illustrated. The relationship of mineral production to water
resources has been stressed. Distribution of fuels and minerals,

~metallic and nonmetallic, and the outlook for their use are described
- briefly. The-problem of pollution 1nclud1ng coal mine dralnage is
“briefly discussed.

Data were compiled on the quantity and valué of mlnerals
produced in the Region in 196h In some cases more recent data have
been added in the text. Time and funding did not permit complete
updating and rewriting to present more recent data. ‘However,

a table was preparéed to show value of mineral production for all
counties in NAR in 1969 and 1970. Water use data for 1962, obtalned
by canvassing mineral producers, were used to estimate future water
requirements based on projectlons of mineral productlon or in some’
cases, the best professional Judgment avallable. '

All data used in the report were obtained from Bureau of Mines
publications and files, and from other Federal and State reports.
No field examinations of mlneral oceurrences .or mining operations
were made.

Most of the date ‘presented are as complete and broad as
possible, and the report is not intended to be a detailed commodity
or geologlc report nor a guide to exploratlon. The 1nformat10n
presented is intended to meet the requlrements of the North Atlantic
Regional Water Resource Study planners and serve as a basis for future
studies of mineral resources as related to water resource development
in the Region. Later studies of individual river basins in the Region
will require a comprehensive and detailed report on mineral resources
and their relation to water, the economy, the environment, and land
use.

H-1



CHAPTER 2
IMPORTANCE OF THE MINERAL INDUSTRY TO THE ECONOMY OF THE REGION
SIZE AND IMPORTANCE

Value of mineral production in NAR in 196L was $1,167 million,
about. 5 percent of the United States total of $20,472 million.
O0f the nonmetallic mineral commodities produced both regionally and
natlonally, nearly 19 percent of the national nonmetals value was
credited to NAR (Table H-1)., The prlnc1pal mineral commodities mined
in the Region, in descending order of value, were stone, cement,
sand and gravel, coal, iron, and zine. In 1970, value of mineral
production in NAR totsled $1,295 million, 4 percent of the Unlted
States total of $29, 791 million.

Commodities produced in NAR, each of whose value exceeded more
than half of the total value of United States production, were
aplite, emthracite, asbestos, cobalt, emery, garnet, greensand marl,
kyanite, manganiferous residuum, titanium concentrates, and
wollastaonite.

Coal and natural gas made up néarly 25 percent of the mineral
value in NAR; crushed stone, 21 percent; cement, 20 percent; and
sand and gravel, 12 percent:. Metallic mineral production accounted

- for only :10 percent of the total value. Table H-1 shows 196L.

production and value of mineral commodities in NAR snd, for comparison,
data for national production of the same minerals. Table H~2 shows
1969 and 1970 value of mineral production by counties in NAR with a
listing of 1970 minerals in decreasing order of value.

According to the Office ‘of Business Economics, United States
Department of Commerce, more than 53,000 people were employed in the
mining industry in NAR in 1960. More than half the mineral industry
employment wes concentrated in the Susquehanna (Basin 17), and
Delawsre (Basin 15) River Basins and was attributed chiefly to ceal
mining. The remainder of the mineral industry employees are distrib-
uted throughout the Region and are engaged chiefly in stone quarrying
and in the mining and processing of sand and gravel.

FUTURE DEVELOPMENT

In the United States, population growth and increased income
have been accompanied by increased mineral consumption. The United
States accounts for one-third to one-half of the non-Communist
world's total consumption of the principal mineral commodities.

The consumptlon of metals, nonmetals, and fuels is expected to
increase through the year 2020
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TABLE H-1

Mineral Production in the North Atlantic Region and Comparable
United States Production in 1364 17 2/

r

North Atlantic
' ’ : Percent of the
North Atlantic ! United States United States

oL Quentity Value ’ Quantlty Value
Commodity - {thousands ) (thousands)‘(thousands) {thousands) =~ Quantity ~ Value
Cement: o ) : S T
POrtland. .o ioeeraiians s 376-pound barrels... 70,956 $21k h1s 366,308 $1,168,987 19.% 18.3
© Masonry.. 280-pound ‘berrels.. - 5,308 - . 1L,0b3 . 22,397 63,305 23.7 ~22.2
ClaysS.ereeeasmenn e e eiaea, short tons.. . 6,212 - - 16,765 52,853 162 539 11,8 . 8.7
Coal: ) o to . ST L '
ARt racite. .y el e SPIY- t- B 17,184 1148 ,6L48 17,18 148,648 100.0 200.0
BitUmInOUS . . oo v v e are e en.s P [ JN 31,073 137,74k 186,998 2,165,582 6.k 6.4
- Copper..... NP e feween - cee cean koo 2,356 . 1,247 Bie,901 . 0.3 0.3
B 1 o e e rat e . Vs ; ] voaTe - 9 © 172 100.0 100.0
Feldspar--reeeeen. Mrset st e . ] 96 - 847 .. 587 5,389 16.3 15.7
Gem stones......civeieeenian.. : NA .97 - L 1,b7h —— 6.5
"Iron Ore {usable)....... long tons, gross weight.. Lok 71,060 84,300 802,331 2.6 8.9
“.lead (recoverable content of - - ‘ - ‘ - Los
= =TT = A A short tons.. 1 192 286 Th,936 0.3 0.3
LMe e e e e i e e do.... - 3,024 38,552 16,080 - 223,167 18.8 17.3 -
Netural gas...i..... raarasas million cubic feet.. X 14 3,792 . 15,547 . 2,387,689 0.1 0.2 "
B A D short tons., : 88 991 . 6o 6,198 13.8 16.0
Salt.o.iveanss SRPPRRN erenaas ieeaaeaas do.... . L 654 28,833 - 31,623 200,706 b, T k.Y
Sand and gravel: . ) ) . - ) : :
COmMeTeiale s sseiansreerarinnsannararss wado.. .. 105,595 13k ,269 621,392 700,051 . 1T.C - 18.2
Government-and-Contractor cveu e eannaure . G .. 25,126 5,648 2k7,387 19L,061 7 10.2 50
Stone: .
Crushed. e iiioneinnannnnnssans R 1 AU ihzobo  ak3,Rk 0 723,72k 1,037,365 19.8 23.5
DimensioN....... e il e e do.... - ) 73h : 37,343 2,545 . - 96,970 ‘28.8 38.5
Tale 3/eieiiiiinnnnesnimnennaanas [P T Lis 2,469 8%0 6,218 - h6.6 . 39.7
Zine (recoverable content of -
ores, etc.) ¥/.ivaus. Y - T 124 33,805 575 156,308 21.6 21.6
Value of items that cannot be disclosed: A
Aplite, asbestos, cement (natural},
cobalt, abrasive garnet, gold, greensand
marl, kyanite, magnesium compounds,
manganlferous residuum, mica, potassium
selts, pyrites, silver, titanium | . .
ccncentrates, tripoli, and wollastonite........ g pod 26,813 XX 301,180 g 8.5
Grand total...uivieriieeiiaaniaon., il XX $1,166,608 S 0’4 $1o,7h6,157 XX ¢ 10.9

. ¥A Not available.. *~ XX Not applicable.. : :
1/ Production as measured by mine shlpments, sales, or marketable productlon (1nclud1ng consumptlon by producers)
2/ Includes some peripheral ¢éunties.
-3/ 1Includes soapstone and serlclte-schlst o . . :
E7 Includes’ ‘recoverable zine wvalued at yearly average price of . Prlme wéstern slab zing, E&st St, Louis markef.
’ Represents value established after transportatlon, smelting, and menufacturing charges have been added to the ..
value of ore at the mine. :



TABLE H-2

Value of Mineral Production_in North Atlantice Region, by counties

. (thousand dollars)

Minerals produced in .19"'{'0 |

State and County 1969 1970 in order of value
Maine ' : ’ : ; :
Androscoggin..... $ 559 $ 885 Sand and gravel, clays
AroostooK..eee... . 664 633 = Sand and gravel
Cumberland..,.... 1,747 2,b72  Sand and gravel, stone, clays
Franklin...eeovas 215 W Sand and gravel :
Hancock........ e W 6,345  Copper, zine, sand and gravel,
C A _ silver, peat, clays '
Kennebec......... 691 1,086 - Send and gravel, stone
KnoXe.eoseavsnnans W - W Cement, stone, sand and gravel
Lincolni......... 1k0 W Sand and gravel
Oxford. creraseens 323 223 Sand and gravel, feldspar,
' ‘ - beryllium
enobscot....... . 812 728 Sand and gravel
Vlélscataquls ceasee W W Stone, sand and gra.vel
SagadahoCiveses.. W W Sand and gravel -
- Somerset.iiaiiens W W . Do.
Waldowsieaeannan, - 33h W , Do. _
Washington....... W ' W Sand and gravel, peat
York.eiivieeinnns 712 W Sand and gravel '
Undistributedl/.: 13,988 11,k10

New . Hambslii‘re : . _ .
Belknapiessssosnn W W  Sand and gravel

Carroll....ouveus. W W  Sand and gravel, stone

Cheshire..covesea - W W Sand and gravel, mica

€008 s uivenaaenss - 1TL 184 Sand and gravel :

Grafton....oveere 67T 677 Sand and- gravel, stone, clays,
. . ' - . mica .

" Hillsboro........ . 2,513 3,086 Stone, sand and gravel
Merrimack........ 2,280 2,051 Sand and gravel, stone
Rockingham....... 959 900 Stone, sand and gravel, clays
Strafford........ - 256 275 ' Sand and gravel, clays
Sullivan......... . W 147 Sand and gravel
.Undistri‘buted}_/__ . 1,265 1,410 . .

Vermont . : o : ,

Addison...... ceee W 128 Sand and gravel
Bemington....... W 610 Do.
Caledonif...oceass W W Do.



TABLE H-2

Value of Mineral Production in North Atlantic Region, by counties

(continued)

(thousand dollars)

1969

Minerals produced in 1970

State and County 1970 in order of value

Vermont (continued)
Chittenden....... $ 1,314 $ 938 Sand and gravel, stone, clay
BESeXeeuiaveainns W W Sand and gravel
Franklin......... W W Stone, sand and gravel
Grand Isle....... - ——
Lamoille....vuves W 1) Talc, sand and gravel
Orenge........... W W Stone, sand and gravel
Orleans...seeeans W W Asbestos, sand and gravel,

stone
Rutland.......... W W Stone, sand and gravel
Washington....... W W Do.
Windham........s. W W Sand and gravel, talc
Windsor.ieesviaas W W Talec, stone, sand and gravel,
peat

Undistributedl/.. 26,44 26,167

Massachusetts
Barnstable....... W 604 Sand and gravel
Berkshire,....... 8,321 8,211 Stone, lime, sand and gravel
Bristol.......... 3,626 3,949 Sand and gravel, stone
Dukes ... .oveinenns W W Sand and gravel
BSSeXerinnernnns 3,802 3,981 Stone, sand and gravel
Frenklin......... 1,158 1,521 Sand and gravel, stone
Hempden.......... k, ko3 5,210 Stone, sand and gravel
Hampshire........ 608 622 Sand end gravel, stone
Middlesex........ 13,6h48 13,800 Stone, sand and gravel
Nentucket..vvvs.. L 6 Sand and gravel
Norfolk....v.u... 5,546 5,667 Stone, sand and gravel, clays
Plymouth......... 99k 936 Sand and gravel, clays, stone
Suffolk........,. 453 821 Stone, sand and gravel
Worcester....vv.. 5,716 4,023 Sand and gravel, stone, peat
Undistributead/.. 1,546 1,011

Rhode Island
Bristol.......... —= ——
Kenb.oooiivunaan, 1,701 1,628 Sand and gravel
Newport....ovuun. W W Sand and gravel, stone
Providence....... 2,022 2,032 Do.
Washington....... W W Stone, sand and gravel
Undistributeal’ .. 710 726



TABLE H-2

Value of Mineral Production in'Norfh”AtlanticdRégion, b{_countiés.
(continued)

(thousand dollars)

Minerals produced in 1970 .

State and County 1569 1970 ~in order of wvalue
Connecticut o o . L
Fairfield........ $ 1,164 $ 936 Sand: and gravel
Hartford......... . 8,978 8,801 Stone, sand and gravel, clays
Litchfield....... 3,195 3,486 Stone, sand and gravel, lime .
MiddlesexX........ 1,801 1,747 Feldspar, sand and gravel,
C . : . clays, mica, stone _
New Haven........ - 9,167 9,679 Stone, sand and gravel, clays
New Londen....... 1,264 1,310 Stone, sand and gravel
Tolland....... .. - W W Sand and gravel o
Windham....... co W W Stone, sand and gravel ..,
Undistributedl/.. 2,200 2,hok ' '
New York
Albany....... ceen W W Cement, stone, elays,
sand and gravel
BronX...ovvunnn —_—— -—
Broome....... . 1,616 - 1,210 Sand and gravel, stone, .clays
Chemung........ I W 1,494 - Sand and gravel
Chenango...:..... - W 299 - Do.
Clinton....... R W W Stone, sand and gravel
Columbia.e.essuas W W Cement, stone, sand and gravel,
_ clays
Cortland..... PR W W: . Sand and gravel
Delaware......... 1,3%0 1,503 Stone, sand and gravel
Dutchess..... . W W Do. )
Essex....... . W W Iron ore, ilmenite, sand and
gravel, wollastonite, stone,
: garnet _
Franklin....... . W 1) Sand and gravel, stone
Fulton... . 193 228 Do,
Greent.coveseun.. 21,553 19,99k Cement, stone
Hamilton......... —_— —
Herkimer........ . W W Stone, sand and gravel
Kings...... ceraes - -
Madison..eeenere.. 838 W Stone, sand and gravel
Montgomery....... W W Do.
Nassau....... . h, 768 W Sand: and gravel, clays
New York.... . —— - o
Oneida..ve.eee.nn.. 2,439 W Stone, sand and gravel
OTange . vveeeev.us 1,963 W Sand and gravel, stone, peat



TABLE H-2

Value of Mineral Production in North Atlantlc Reglon by counties
Tbontlnued) .

(thousand dollars)

Mlnerals produced in 1970

State and County = 1969 1970 " in order of value
New York (continued) C :
0tSeE0. v vennn, ‘W% 152 Sand and gravel =
Putnam.....v0e.0 W W Do. ‘
QUEENS . v v e, — —_—
Rensselaer....... - $ 1,158 W Sand and graVel; stone
Richmond......... W —— '
Rockland......... G,h52 9,701 Stone, sand and gravel

St. Lawrence..... r/36,h32 33,671 Zine, iron ore, talec, stone,
’ o : sand and gravel, lead,
silver, mercury '

Saratoga..ooeeu.. 1,357 W Stone, sand and gravel
Schenectady...... 545 478 Sand and gravel
. Schoharie...., e W . W Cement, stone, claYs;

C - sand and gravel
Steuben.covuiuesns 1,080 W Sand and gravel, stone
Suffolk.veneanaas 4,153 2,1h43 Sand and gravel
SULLivVaN s eesenss W W Stone, sand and gravel
Tioga. e .. e . b2 604 Sand and gravel
Ulsters.veeienen. W W Cement, stone, clays,

' R sand and gravel
- Werren......si.es W W Cement, garnet, stone
Wa.shlngton.. Ceeen 1,302 ' W Stone, sand and gravel
Westchester...... 809 W Stone, sand and gravel, emery,
' peat

Undistributead/.. 141,278 163,409

New Jerséy _ '
Atlanticiseeee.as, .. 516 - 254 Sand end gravel

Bergen....... cees 1,9M1 1,Tho ~ Do.
Burlington.,..... 1,842 1,700 Sand and gravel, clays
Camden...... ceeve. . 2,092 1,256 Do.
Cape M&¥..... e W W Magnesium compounds, send and
) . o . : - gravel ‘

Cumberlend....... 12,579 11,960 Sand and gravel, clays
EBBEXturrisnasnrs .. W : W Stone

. Gloucester....... 559 573 Sand and gravel, greenSand marl
Hudson...... e W W  Stone
Hunterdon........ W 3,253 Do.
Mercer........... W : W Do. '
MiddleseX........ - 2,421 2,043 Sand and gravel, clays

~ Monmouth......... 1,201 21,347 Sand and gravel



TABLE H-2

Value of Mineral Production in North Atlantic Region, by counties
(continued)

(thousand dollars)

Minerals produced in 1970
State and County 1969 1970 " in order of value

New Jersey
{eontinued)

Morris...... ceevr  $ 7,565 $ 7,735 Sand and gravel, stone
Ocean.vveeernnras 6,0k0 4,168 Sand and gravel, ilmenite
Passaic. e evy.s 5,838 6,194 Stone, sand and gravel
SalemM.svesrencan. — ——
SomeErset.voue..s 1k ,706 18,436 Stone, clays
SUSSEeXeitnnnnanes 13,360 15,141 Zinc, stone, sand and gravel,
lime, peal, menganiferous
‘ residuum
Union.eeriseeernnn W "W Stone
Warren......e.e.. 938 1,832 Sand and gravel, pe&t, stone
Undistributea2/.. 11,543  11,6L0
Pennsylvania
Adame ., ..o vennnnn. W ‘W Stone, lime, clays, sericite-
' ' schist
Bedford.......... W W Stone, coal, lime, sand and
o gravel
BerkSieereeeenns W W Iron ore, cement, stone, clays,

coal, sand and gravel,
pyrites, cobalt

Blair.iiveeaeenn. 2,138 2,110 Stone

Bradford......... W W Sand and gravel

BUCKS e« s v vnvennnns 12,376 W Stone, sand and gravel, clays

Cameron., ..veseass —-—— L —

Carbon. covenneenn 5,450 5,318 Coal, sand and gravel, stone

Centre........... 21,808 23,58 Lime, coal, stone, clays

Chester........ W W Stone, lime, clays

Clearfield.......  27,56L 34,372  Coal, clays

Clinton..evsenese W W Coal, stone, clays

Colunmbia..ssuirss. 3,982 W  Coal, stone, sand and gravel,
peat

Cumberland....... 3,021 W  Stone, sand and gravel, clays

Dauphin........e. = 3,253 W  Stone, coal, sand and gravel,
clays

Delaware......... W W Stone

Franklin......... 1,581 W Stone, sand and gravel

Fulton......oues. W W - Do.

Huntingdon....... W W Sand and gravel, stone, clays

Junigta..cvieinen —— -
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TABLE H-~2

Value of Mineral Production in North Atlantic Region, by counties
{continued)

(thousand dollars)

1969

Minerals produced in 1970

State and County 1970 in order of value
Pennsylvania
{ continued) ,
Lackawanng. . ..... W W Coal, peat, sand and gravel
Lancaster........ $ 10,794 $ 10,499 Stone, cosl, clays, sand and
o gravel
Lebanon.ceeeesss, 23,850 W Iron ore, lime, copper, sione,
cobalt, pyrites, gold,
_ . silver
Lehigheeoevenans 34,654 32,842  Cement, zinc, stone
Luzeme....... eas 37,769 35,212 Coal, sand end gravel, stone,
peat, clays
Lycoming......... W W Stone, sand and gravel, coal,
tripoli
Mifflin.......... W W Sand and gravel, stone, lime
Monroe..v.uiaeens 869 W Stone, sand and gravel, clays,
_ peat
Montgomery....... W W Stone, cement, lime, clays
Montour....caeass W W Stone, lime
Northampton...... 60,824 63,992 Cement, stone, sand and gravel
Northumberland... W Cosl, clays, stone
Perry....... . W W Stone
Phlladelphla —— W  BSand and gravel
Pike..vieiinannn. —_— ——
Potter....... . 107 93 Stone
Schuylkill....... 41,24 W Coal, stone, sand and gravel,
clays
Snyder.eeeearnes 398 W Send and gravel, stone, coal
Sullivan......... 160 964  Coal
Susquehenna...... W 606  Stone
Tiog@.ecossn . W W Coal, sand and gravel
Union...eeeneenss W W Stone, clsays
Wayne..oviaeeunnn 632 W Stone, sand and gravel, peat
Wyoming...oovav.s 1,322 W  Sand and gravel
YOrK.veeieiinans. 4/10,226 W  Cement, stone, lime, clays,
sand and gravel, mica
Undistributea®’.. 243,839  399,9k9
Delaware
Kent....... creaes W W Sand and gravel
New Castle...... . 1,588 1,087 Sand and gravel, clays
Sussex..... W W Sand and gravel
Undlstrlbuted_/ Lgg 527
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TABLE H-2

Value of Mineral Production in North Atlantic ReglonJ by countles
: ‘ _ (contlnued)r -

(thousand dollars)

1069

- Minerals produced in 1970

State and County - 1970 in order of wvalue
Maryland : .
Allegany......... $ 2,520 W  Coal, stone, sand and gravel
Anne Arundel..... 2,595 $ 3,312 Sand and gravel o
Baltimore........ S W 15,407 = Stone, sand and gravel, clays
Calvert..... R : W - W Greensand marl, sand and
‘ gravel
 Caroline..... . W 25 Sand and gravel
Carroll.......... : COW W  Cement, stone, clays
Cecil.evivivnnn.. 6,333 6,774  Stone, sand end gravel
Charles....veou.. W W Sand and gravel
Dorchester....... 91 91 Do. :
Frederick........ 9,867 9,043  Cement, stone, clays, lime
Garrett.......... 4,589 6,657 Coal, stone, natural gas, peat
Harford.....ec.... 1,489 2,302 Stone, sand and gravel, clays,
tale
Howard....... . W W  Stone -
Kentovvewuansnna, 63 W Clays, pest
Montgomery....... W W  Stone
Prince Georges... 8,477 8,790 Sand and gravel, clays
Queen Amnes..... a -— -—
Bt. Marys........ = W W Send and gravel
Scomerset......... . W W Do.
Talbob.veauns alea 31 W Do.
Washington....... W W Cement, stone, clays,

_ potassium salts
Wicomico..v.vv... W W  Sand and gravel
Worcester.... ... C 6 13 Do.
Undistributea/..  47,k22 35,802

Virginia c
Accomack....veeus 22 W Sand and gravel
Albemarle....... W W W Stone, sand and gravel
Alleghany.....'.. W W Do.
Amelie. sverer..s PR — —- | B
Amherst.. oo, W W  Titanium concentrate, sand

' T ' ~and gravel

Appomsttox....... 75 30 Stone
Arlington........ e -—
Augusta.......... 952 868 Stone, sand and gravel
Bath............. _ 1 6/  Sand and gravel
Botetourt........ W W Cement, stone, clays
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TABLE H-2

Value of Mineral Production in North Aﬁlantic ﬁegion, by counties
{continued)

(thousand dollars)

Minerals produced in 1970

State and County 1969 1970 in order of value
Virginia (continued)

Buckingham....... $ 4,501 W  Kyanite, stone
Caroline......... 213 . W Sand snd gravel
Charles City..... W W Do.
Chesapeake

(City)evvenvunn W : W  Cement o _
Chesterfield..... 3,162 .$ 3,619 Sand and gravel, stone, clays
Clarke.e.voeunn.. W W  Stone ' .
Craig.oiieenvanes W W Do.
Culpepere........ - W : W Do,
Cumberland....... - i
FsseXeiiiennnnans . - ——
FairfaX..ooeeou.os 5,381 W Stone, sand and gravel —
Fauquier......... W W  Stone ‘
Fluvenna......... W -
Frederick........ . 5,537 5,504  Stone, lime, sand and gravel,

clays '

Gloucester....... = —-—
Goochland........ 2,40k 1,767 Stone
Greent..veseesnss —_— _—
Hampton (City)... W 7 Sand and gravel, stone
Hanover.....v.... W W  Aplite, stone '
Henrico.......... 3,367 3,059 Sand and gravel
Highland....... - W 16 Stone, sand and gravel
Isle of Wight.... 223 202 Sand and gravel, lime, stone
James City....... - _—
King and Queen... —_— e
King George...... . W W  Sand and gravel
King William...,. ' W W : Do.
Lancaster........ - -
Loudoun . s..... . h,569 3,991 Stone
LouiS@les s vnnanns W W Do.
Madison.......... W W Do.
Mathews.......... -— —_—
Middlesex........ W W Band and gravel
Nelson........... W W Stone, aplite-
New Kent......... W W Band and gravel
Newport News

(City)weennnnnn W W Do.
Northampton...... 5 W Do.
Northumberiand... 8 _—
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TABLE H-2

Value of Mineral Production in North Atlantic Region, by counties
(continued)

{thousand dollars)

Minerals produced in 1970
State and County 1969 1970 in order of wvalue

Virginia
( continued)

Nottoway.. oo W W Stone
Orange..voveeeene W W Clays

Page......... ot W W Stone, sand and gravel
Powhatan..... seas - —-—

Prince Edward.... W W Xyanite, stone

Prince George.... W W Sand and gravel

Prince William... W W Stone, clays
Rappshannock..... W Stone

Richmoné......... -

Rockbridge....... $ 901 $ 823 Stone, sand and gravel, clays
Rockingham....... 1,529 W Btone, sand and gravel
Shenandoah. ..., W W Lime, stone
Spotsylvania..... W W Sand and gravel, stone
Stafford......... W 460 Sand and gravel
SULTY e eenverannns —— -—
Warren...vceeesns W W  Cement, stone, sand and gravel
Westmoreland..... W e
YorKeseoesonnoons W W Sand and gravel, stone
Undistributeal/,. 144,801 59,317

West Virginia
Berkeley...oonea- W W Cement, stone, lime, clays
Grant...oeeenssns 11,706 W Coal, stone
Hampshire........ - —_—
Hardy.cooeseeesas 35 43  Stone
Jefferson........ W W BStone, lime
Mineral.....cos.. - W W Coal, stone
Morgan...eccoeeee W W  Sand and gravel
Pendleton........ W W Stone, lime
Undistributeal/.. 32,263 18,176

Total North
Atlantie Region.. 1,209,103 l,29h,900

W  Withheld to avoid disclosing individual company confidential
data; included with "Undistributed."

r Revised.

1/ 1Includes value of gem stones and sand and gravel that camot be
assigned to specific counties, and velues indicated by symbol W,
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TABLE H-2

Value of Mineral Productlon in North Atlantlc Reglon by counties -
- ‘ (cont1nued) Lo

2/

Includes value of gem stones that cannot be a531gned to Speclflc
counties, and values indicated by symbol W.:

Includes value of natural gas and sand and gravel that cannot be:
assigned to specific counties, some salt 1n perlpheral countles,
and values indicated by symbol W.-

Exclufdes cement and lime; included with "Undistributed.”

' Includes value of natural ‘gas that cannot be assigned to spec1f1c

countles, scme bituminous ccal in perlpheral countles, and
values indicated by symbol W. -

Less than 1/2 unit.

Includes values indicated by symbol W.
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Although the use of synthetic or substitute materials may
grow, production of mineral commodities will increase between now
and the year 2020. The anticipated annual inerease in the Gross
National Product (GNP) is 3.8 percent, about twice as great as the
expected future growth of population, 1.55 percent.  Future annual
growth of the minersl industry, as in the past, is expected to be
less than that of the GNP, 1/

In NAR the rate of growth for the mineral industry is expected
to be less than that for the United States as a whole. The mineral
industry's labor force in the Region has decreased in recent years,
but prospects are good for a slight increase if presently known
mineral resources are developed and new deposits are found.

NONMETALS

Continuing highway, industrial, commercial, and residential
construction caused by our expanding economy will result in
increasing demand for nonmetallic minerals such as cement, lime, clay,
crushed stone, and sand and gravel. Various Federal, State, and
private construction programs will continue to consume large quanti--
ties of sand and gravel and crushed stone for aggregates and cement.
With the spread of population around large metropolitan areas, some
parts of NAR may experience shortages of desirable aggregate
material. Demand for construction materials will increase and areas
of production will shift due to depletion of resources and increasing
urbanization. Needs will be supplied by more costly alternate material
such as stone sand where adegquate sand and gravel deposits are un-
available., Within the ncxt 50 years an important source of sand and
gravel as well as other materials mey be the Continentsl Shelf along
the Atlantic Seaboard. Aggregate production is expected to more
than double by the year 2020. Industrial growth natiocnally as well
ag in the Region will expand markets for salt, feldspar, talc, and
other nonmetallic minersals a&s well as cement and lime. However,
regional production of some nonmetals such as feldspar, pyrite, and
kyanite may not keep pace with the national economy. These minerals
could be affected by substitute or synthetic materials and alternate
sources of supply. The principal markets for feldspar are in the
glass, pottery, and enamel industries but to a substantial degree
aplite and nepheline syenite are being used as substitute materials
in these industries.

Large deposits of pyrite and pyrrhotite in Maine, New York,
and Virginia have been estimmted to contain more than L0 million toms
of sulfur. However, only those deposits which can be mined for
nickel or copper are likely to be exploited. Frasch sulfur from

1/ Lendsberg, H. H., Natural Resources for U.S. Growth A Look
to the Year 2000, Johns Hopkins Press, 1965, p. 81,
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the Gulf States and elemental sulfur recovered from refining crude
petroleum in NAR are available at lower cost than sulfur produced
from pyrite. Pollution contrel legislation may result in the
recovery of significant quantities of sulfur from stack gases at
power plants using sulfur bearing fuels. Therefore, it is unlikely
that the large reserves of pyrite and pyrrhotite in the Region will
be mined for sulfur alone in the foreseeable future.

Adequate reserves of kyanite are indicated in the Region, but
it is anticipated that production will not expand substantially in
the future. Kyanite is used in its natural form and as a mullite
refractory after conversion by heating, but most mullite now used
in the United States is produced synthetically from bsuxite.

FUELS

The United States will continue to depend on fossil fuels for
energy in the future. Our continuing growth in populetion and per
capita energy requirements will result in greater fuel consumption.
Most electric power prolecticns for the United States indicate a
doubling demand about every 12 years for the next 50 yeers.

However, there is -less agreement on the part to be played by the
several fuels that will be used to supply the incressing demand for
electric power. Coal production will depend on the availability

and cost of oil, natural gas, and nuclear energy. Legal restraints.
such as limits on sulfur in fuel or the prohibition of strip mining
also may affect coal production. Bituminous coal's share of the
total energy market is expected to decline because of future nuclear
power generation and greater use of oil and natural ges. The use of
bituminous cosl for power may double in 50 years, while power
generating capacity may increase as much as 16 times during the same
period.

The outlook is mixed for the production of fuels in NAR.
Reserves of anthracite, which is mined only in the Susquehanna and.
Delaware River Basin portions of Pennsylvania, are adequate, but
demand began to decline after 1917 when peak production of 100 million
tons was reached. The downward trend continued to the 1970 output
of 9.7 million tons. The decline is continuing but production is
expected to level off at about 3 million tons per year within
30 years. The decline is attributable chiefly to the high cost of
recovering anthracite from deep mines which have been inundated with
water from previous workings below the water table. The expense of
pumplng and neutralizing acid water from underground mines hes caused
the abandonment of hundreds of mines. Stripping operations also
entail high costs because of the terrain and the steeply dipping
and feolded beds which contain the anthrscite reserves.

Reserves of bituminous coal are adequate. Hoﬁever, future
development of underground mines will depend on control and/or
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abatement of acid mine drainage and subsidence; development of strip
mines will depend on control of land disturbance, stream poliution,
and 51ltatlon. The growth..of both types. of mining may well be
affected by existing and future legislation regulating the sulfur
content of fuels and the storage and utilization. of waste materlal
from mines and preparatlon plants,

- Production of natural. gas in NAR has been minor and petroleum
recovery has been insignificant. Future development of important
reserves of petroleum and natural gas appears unlikely except for
possible discoveries at deeper stratlgr&phlc_horlzons or on the
Atlantiec Continental Shelf. Numerous geophysical surveys have béen
conducted offshore, and oil companies have indicated interest in _
offshore drilling. This potential resource should be evaluated, with
due regard for environmental controls.

METALS

The Reglon has not produced metdllic minerals in quantities
comparable to some other parts of the Nation even though the large
popuwlation in the Region affords a good market, The advantage .of
nearness to the market is offset by other factors such as generally.
small deposits, low grade of ore, and lack’ of land available for
exploratlon. ’ :

The outlook for the production of metallic minerals in NAR
depends on the development of economically attractive reserves.. For
nonferrous metals, the small number of producérs and the lack of in-
formation on oré reserves make projections misleading. HNationally, the
demand for metals will grow and keep pace with expected:increases in -
population and GNP. PFProduction of iron ore, the principal metallic.
mineral produced in NAR, is expected to continue at current levels or
increage slightly in the future, The steel industry in recent years
has found an economic advantage in the use of higher grade imported
iron ore, and the importance to the Natlon of iron ore production in
NAR has dlmlnlshed.

Zine production will continue to be an integral part of the
Region's mineral economy. The long-term upward trend of zinc con-
sumption in the United States is expected to continue and production
from mines currently in operation as well as from anticipated new
deposits is expected to maintain the Region's present share of the
domestic zinc.market. : ’

Demand for copper in the U.S. is expected to incresse,
Production from promising but undeveloped deposits in New England is
expected to increase copper output from NAR,

The average annual rate of,increése in the demand for titanium

minerals as a source of oxide pigments in the United States from
1950 to 1963 was about 5 percent and the rate is expected to continue.
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In recent years, use of titanium metal has been increasing rapidly
and demand for the metal will grow at an estimated rate of 10 to 15
percent -annually. Further development and expanded mining of
titanium deposits in NAR are expected.

The United States has virtually no reserves of direct shipping
(high grade) manganese ore, but there are large low-grade reserves
in NAR. The world supply of good quality manganese ore is sub-
stantial but should foreign supplies no longer be available to the
United States, large low-grade deposits in Aroostoock County, Maine,
might be developed.

Deposits of other metals, including chromite, cobalt,
molybdenum, nickel, gold, and silver, in the Region are small or low
grade but with improved exploration techniques, additional reserves
may be found. It is probable that some of these deposits may be
mined within the next 50 years. ;
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CHAPTER 3
RELATION OF MINERAL OPERATIONS TO WATER

A few brief definitions of water terms as used by the Bureau
of Mines follows:

New Water--Water introduced from external sources for the
first time.

Recirculated Water--Water reused in a mine or plant to conserve
new water.

Water Used--New water plus recirculated water.

Consumed Water--Water lost by evaporation or shipped with the
product. :

Discharged Water—Water that is neither recirculated nor
consumed, but released to the environment.

Fresh Water--Water suitable for domestic use.

Saline Water--Water containing 1000 parts per million or more
of dissolved solids,

Contaminated (Polluted) Water--Water that is unsuitable for
domestic use.

WATER USE

The Bureau of Mines water use ecanvass for 1962 showed that the
United States mineral industry used water for mining, 6 percent;
processing, 64 percent; cooling and condensing for electric power,

3 percent; other cooling and condensing, 24 percent; and miscellaneous,
3 percent. This percentage breskdown can be applied to NAR because
water use is governed by the need rather than the location of a

river basin.

Mining itself requires little water per ton of crude ore,
except when hydraulicking is used. Water is used in percussion
drilling mainly for dust control and in diamond drilling to cool and
lubricate the diamond bit and to remove cuttings from the hole. Water
also is used to cool compressors and internal combustion engines, and
to condense moisture from compressed air before it is piped to the
drills and other equipment powered by air.

Most mineral commcdities must be processed to separate waste
from the product. Beneficiation accounts for most of the water used
by the mineral industry. The principal beneficiation processes for
which water is used are grinding, washing, froth flotation, gravity
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separation, sizing, and leaching., Discharged water is usually
released into a tailings pond or series of ponds after reagents used
in processing have been neutralized. Flocculants may be added to
promote settling of fine. solids, Mineral processing plants also use
water for cooling and condensing.

WATER QUALITY REQUIREMENTS

Most water used by the mineral industry in NAR is from surface
sources (streams and lekes); the remainder is from groundwater sources
(wells and springs). Some water is pumped from mine openings, which
in a sense are large "dug wells." However, unlike natural groundwater

J which generally is fresh in the Region, mine water is likely to be

saline or otherwise polluted. Surface water is fresh in some places,
but polluted in others. Common causes of pollution are discharge of
chemical waste from industrial plants, sewage from municipalities,
and acid drainage from coal mines in parts of Basins 15, 17, and 19.

Water for condensing, cooling, or boiler feed must be of the
same quality as is required for similar uses by any industry.
Water for mining (drilling) must be free of suspended solids.
Other quality factors are desirable but not necessary.

The water quality required for mineral beneficiation plants
depends upon the processes used. Most processing plants provide
for settling, if the new water contains suspended solids. In the
case of plants for processing sand and gravel, coal, and stone, only
excessive suspended solids would be troublesome. Mineral processing
plants using flotation or chemical treatment must adjust the pH of
new water if it is not naturally suitable. Dissolved solids may be
a problem if they precipitate when the pH is adjusted. Treatment
of new water by precipitation (and disposal) of dlssolved solids
would add to the cost of the operatlon.

QUANTITY OF WATER USED

The quantity of raw material treated and the processes used
determine the gquantity of water required for mineral production.
The water required is not the same as the water used, if the supply

of water is limited, waste is carefully controlled and rec1rcu1&tion
is at a meximum.

An operation using a wet beneficiation process might be able
to operate under optimum conditions of water economy and recirculstion
with less than 350 gallons of new water ver ton of mill feed.
.The same plant might require more than three times as much new water

:without recirculation and careful use of water. An extreme in

reported new water use would be & suction dredge which may take in
8000 or more gallons of new water ver ton of raw material. Water use
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practices which in the past were adopted solely on the basis of
lowest cost are belng revised to satlsfy env1ronmental needs.

Water used by the mineral 1ndustry in'NAR was estimated to be
16k billion gallons in 196k, compared to 150 billion in 1962,
Tt is estimated that by 1980 water uge will Be 250 billion gallons
and by 2020 sbout 500 billion gallons will be used, but most of
this will be recirculated water. Due to inadeguate knowledge of the
probable life of active mines, statistical projections for the water
needed for preduction of metals and many of the nonmetals in NAR
would be misleading. Projected demand for new water was calculated
from past production of commercial sa.nd and gravel and coa.l '
(Table H-3).

The quantlty of new water taken was sbout 27 percent of water
used by the United States mineral industry in 1962. This ratio is
expected to decrease as the cost of water rises. More stringent
regulations governing the quallty of discharged water will encourage
mineral producers to reduce the quantity of dlscharged water by
rec1rculat1ng as mch water as poss1ble to mlnlmlze treatment costs.

Based on total quantlty of water used, the most important
mineral commodities produced in NAR were sand and gravel, coal,
stone, iron ore, and titanium. Most of the larger sand and gravel
producers used water. All producers of titanium, garnet, kyanite,
wollastonlte, and zinc used water, but the total quantity used was
small because the quantlty of” ore treated was relatlvely sma.ll

"The quantity of water used per ‘dollar of product valie varled
w1th each commodity. Aplite and greensand marl used more then lOOO
gallons each; titanium, 965 gallons; sand and gravel, 582 gallons;
and salt, 507 gallons. Commodities which: used lOO to 500 gallons
per dollar were crushed stone, kyanite, garnet, iron ore, anthraclte,
and bituminous coal. Talc, clay, dlmen81on stone, feldspar, and
recoverable zinc each used more than 25 but less than 100 gallons
per dollar.

In the study of the water requirements and uses in NAR, the
mineral-product value of commercial sand and gravel was $1. 72 for
each 1000 gallons of water used in 1964, and $1.07 per 1000 gallons
of new water. For other commodities, the product value per 1000
gellons of water used was: crushed stone, $4.55; dimension stone
§19 .61; talc, $16.67; clay, $38.46; feldspar, $12.35; and, sa.lt

1.97.
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TABLE H-3

Estimated New Water Use by the Minersal Industry in the
North Atlantic Reglon :

(million gallons per year) =

Basin 1960 1980 2000 2020
1 30 . 20 o 70 : 90
o 0~ - 160- . 230 ‘ 300
3 60 - 130 . 210 - ... 280
L 1 - 01200 .. 130 - . 126
5 90 170 — 260 . - 3ko -
6 370 -~ 1,400 - 2,h20 o : 3 Lho -
T 2,100 . ~oohy300 6,600 . . 8,800
8 1,500 ©-hL,100 . — 6,600 S 9,100
9 1,930 ~ - - 3,780 = 5,500 7,180
-10 1,350 2,100 2,480 3,570
11 : 320 Co 700 1,070 1,450
12 -~ 1,700 2,870 ' 4,200 5,530
13 3,850 - -~ 2,90 1,000 T e
14 1,450 3,780 5,840 7,880
15 3,680 © 6,160 8,160 10,200
16 : 790 © 2,600 - h,380 6,160
17 12,600 - - 8,k00 - 8,500 - 9,700
18 - - - 1,580 - 3,500 - .. 5,080 6,650
19 3,190 ' 8,130. .. . 12,970 17,780
20 - 130 - 450 . 720 990
21 - 1,580 - 4,520 - 7,100 : 9,730
Total 1/ 38,500 59,900 : 83,500 109,300
1/ Rounded
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MINERAT, INDUSTRY WATER POLLUTION PROBLEMS

The production of minerals, because it disturbs the earth,
accelerates natural geologic processes. Accelerated geologic
processes caused by mining translate to mineral industry water
pollution. Mining may adversely affect water guality by causing
rapid siltation and a relatively rapid increase of "dissolved solids.

Frosion is a natural geclogical process which, by various
means, loosens and transports earth material from higher elevations
to lower areas. All moving water carries as much of the available
particulate material as its velocity will allow. The environment is
in balance with normal stream flow, but floods frequently cause
siltation which blocks streams and adversely affects their character-
istics. Burface runnoff which is allowed to scour mine dumps, mill
tailings, and ground disturbed by open pit mining can cause siltation
which has much the same effect as a small flood. Siltation also can
be caused by the discharge of process water containing suspended
solids. Another cause of suspended solids is dredging in rivers and
bays. Whether the dredging is done to maintain navigation channels
or to recover sand and gravel, a plume of turbidity drifts down-
current from the dredge until the solids settle.

All water in streams, lakes, and the ground contains dissolved
solids (hardness) but in most, the quantity and nature of the
elements in solution do not make the water unsuitable for plants
and fish to exist in a balanced ecological system. Some naturally
occurring surface and ground waters are saline, but most are suitable
for fresh water flora and fauna. Mining may cause an increase in
dissolved solids in water by exposing more rock surface and allowing
mere contact time. In addition, certain rock types or minerals may
make the water acidic (low pH) or basic (high pH). Except for coal,
mineral production in NAR does not cause widespread or persistent
water pollution problems.

A serious problem has been created by the adverse effect of
acid drainage in the coal mining areas in Basins 15, 17, and 19, and
for some distance downstream from the mining areas. Most of the
coal horizons in NAR contain pyrite. Mining has exposed large areas
of pyritic material to water, oxygen, and bacteria which have
oxidized the pyrite and caused excessive concentrations of hydrogen
ion (acid), iron, and sulfate in the rivers and streams. The main
rivers become neutral by natural oxidation and dilution by basic
tributaries after flowing beyond the sources of the acid pollution.
However, flash flcods in the headwater of the West Branch
Susquehanna River have flushed large slugs of acid water into the
river causing lower river stretches to run acid for several days.
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POLLUTION ABATEMENT MEASURLS

The best countermeasure to mineral industry water pollution
is to preplan operations to prevent pollution. While a mine is
active, the affect of unavoidable potential pcllution can be con-
trolled or neutralized. Preplanning should include provision for an
effective shutdown program designed to prevent the mine and waste piles
from becoming a pollution source when the mine is closed down or
abandoned. Legislation is necessary to impel the mineral industry to
accept the cost of pollution prevention as a normal operating expense.

Diversion of surface water from mine openings and waste piles,
an important step in pollution control, is actually good operating
procedure because it usually reduces operating costs. Ground water
vhich enters mine workings should be removed as soon as possible to
minimize contact time for the formation of acid and for solution of
solids. Provision for adequate settling time before water is dis-
charged from mine or mill is important to prevent siltation.
Filtration can be used if lack of space or unfavorable topography
preclude the use of settling ponds. Chemical treatment of discharged
water may be necessary to neutralize dissolved solids, acid, or
reagents used in beneficiation.

Most of the existing acid mine drainage pollution in NAR is from
abandoned underground mines which were not preplanned to facilitate
pollution prevention when operations ceased. As a result, at many
abandoned mines it may be necessary to build treatment plants and
support their operation for many years. This costly procedure could,
in most cases, have been avoided if the mine openings had been pre-
planned to facilitate sealing when the mine was abandoned.

Acid pollution from strip coal mines is minor as compared to
that from underground mines, and abatement measures present fewer
technical problems. Formation of acid and rapid erosion can be
prevented by diverting surface runoff, covering the sulfide bearing
formations in the high-wall, and grading the area to eliminate
ponding of water in depressions behind the spoil banks. 1In strip
mining, siltation can be minimized by reclaiming disturbed land as
stripping progresses. Existing laws, if enforced, are generally
adequate to prevent new strip mining operations from becoming sources
of pollution.

Pollution from abandoned underground mines can be abated most
economically by sealing mine openings and preventing the inflow of
surface water. Diversion of surface water and sealing of mine
openings are the abatement measures most commonly used at present,
especially in Pennsylvania. However, a multiplicity of openings,

-narrow outcrop pillars, and other conditions at many abandoned mines
may make sealing ineffective. In such an instance, a plant must be
built to neutralize the mine effluent. Active mines prevent the
discharge of acid water, in most cases, by neutralization. A number
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of methods for treating acid mine water are available or under
investigation. A brief descrlption of most of these methods follows:

Alkall Neutralization is the method most commonly used to
treat acid mine water before it is discharged.  This method involves
the addition of lime which produces calcium sulfate and iron
hydroxide. Aeration and agitation promote precipitation -of the
calcium sulfate and iron hydroxide; the neutral water is discharged
and the precipitate is disposed as waste. : :

Limestone Neutralization is being used to treat acid mine
water. The process uses 400 mesh limestone produced by autogenous
grinding of crushed.limestone in a tube mill. ¥Fine limestone slurry
from the mill is mixed with mine water, aerated, sparged with air,
and passed through a sedimentation pond., This system uses low cost
ground limestone instead of lime and the sludge is more dense than
that produced by the lime process.

Ozone Oxidation is a variation of the lime neutralization
process.. QOzone is a powerful oxidizer which speeds the oxidation
of ferrous iron to ferric iron. Ozone is mixed with air and- bubbled
through the mine water, converting most of the iron to the ferric
state. Neutralization then causes precipltation of ferric hydroxide
which is more dense and easier to handle than the ferrous-ferric
hydroxide mixture produced by the alkali neutrslization process.

Flash Distillation has long been used as a manufacturing
process by the chemical industry and is one of the processes being
tested for recovering potable water .from brackish and saline sources.
The process has been tested and found to be effective in treating
acid mine water. The feed {mine water) is heated to the vaporization
point in a closed chamber and put through a series of condensers at
successively lower pressures and temperatures.

Reverse .Osmosis has been used successfully in tests to separate
fresh water from acid mine water. By applying pressure to acid mine
water on one side of a semipermeasble membrane, water molecules are
caused to move through the membrane leaving behind the iron salts and
acid. A use for the residual sludge has not been found.

Ton Exchange process for the treatment of acid mine water
consists of the reaction of metal salts and hydroxides in water with
specific anionic and cationic resins. One process which is applicable
to acid mine water employs a weak base anion resin which is operated in
the bicarbonate cycle., The process takes advantage of the fact that
almost all of the soluble anions in typical acid mine water are metal
sulfates. The metal sulfates are converted to bicarbonates which are
precipitated by aeration as insoluble hydrous oxides. "As in other
acid mine drainage abatement processes, sludge disposal is a problem.
The volume. of sludge produced by the ion exchange process is substan-
tially less than that produced by the lime neutralization process.
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Nene of the known pollution potentials need become a problem.
New operations can be preplanned to aveld or minimize pollution.
Siltation and discharge of suspended solids can be prevented by
providing for adequate settling ares, addition of floceculants, and,
if necessary, filtration. . Discharge of dissolved solids other
than those .already in groundwater can be minim_iiaed by preventing
surface runcff from entering the mine workings. 0il and brine
spills are usually the result of inadequate preparation of storage
areas. In NAR, most coal mesgsures contaln pyrite and most base metal
deposits have sulfide ore. Water, oxygen, and bacteria act on the
sulfide minerals to produce acild drainage. Acid formed while a mine
is active should be neutrelized by the operator before release,
Underground mines which are e potential source of acid pollution
should be s¢ planned thet they can be sealed effectively when opera-
tions are discontinued. Btrip coal mines should be backfilled to
cover the sulfur source and graded to drain without ponding. Many
responsible mine operators tske precautions to prevent pocllution
on their own initiative, but adequate protection of the environment
will require regulation. Water quality standards have been established
and approved for all States and most, if not sll, of the States in NAR
have set up agencies to enforce regulations designed to improve or
meintain water gquality to meet the standards.
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CHAPTER b
- MINERAL RESQURCES IN THE NORTH ATLANTIC REGION

Minerals in NAR are divided into three main classifications-—
nonmetals, fuels, and metals, in decreasing order of wvalue.
The locations and uses of mineral commodities are described briefly
for each with emphasis on those commodities for which large quantities
of water are used for mining or processing. The location and use
of minerals requiring little or no water also are described briefly
because this information may be of use to plamners.

NONMETALS

The following commedities require a large quantity of water per
wit of production;: : '

APLITE

Proguction and use. Aplite is produced only in Virginia in
Basin 20 near Montpelier, Hanover County, and in Basin 21 near Piney
River, Nelson County. Aplite is used in glass end ceramics as a
source of alumina.

Relationship to water. In 1964, more than 800 million gallons
of water was used to process the crude ore but about 90 percent was
recirculated. Water was discharged into a tailings pond where
particulate matter settled out.

Outlook., Aplite competes successfully with other feldspathic
materials used in the manufacture of glass and ceramics, Continued
slow growth of aplite production can be expected with no adverse
effect on water.

FELDSPAR

Production and use. Almost 96,000 short tons of ground
feldspar valued at more than $800,000 were produced in Maine, New
Hampshire, Connecticut, and Virginia, in 1964, More than half the
crude ore was treated wet and beneficiated by flotation. Silica
sand for glass and ground mica for roofing were recovered as
byproducts. A decreasing portion of feldspar output has been
prepared by dry grinding of selectively mined or handsorted pegmatite
rock.

Bodies of pegmatite, a coarse-grained granitic rock,
occurring along or parallel to the Appalachian Mountain chain have
been the source of most commercial feldspar in NAR (fig. H=2).
Production has been reported from groups of pegmetites in 13 of the
21 basins. In New England, pegmatites occur in Basins 3, 4, 5, 6,
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7, and 8, Pegmatites are found in New York in Basin 12, in .
Pennsylvania in Basin 15, and in Maryland and Virginia in Basins 18,
19, 20, and 21, ' :

Relationship to water. More than 500 million gallons of new
water was used in 1964 to beneficiate feldspar by flotation in
Basin 8. No water was recirculated. All discharged water was
filtered to remove suspended solids before being released.

The filter cake was trucked to a disposal area.

Quilook. Output of feldspar produced by flotation in NAR is
expected to continue to grow at a rate less than that for Gross
National Product because of competition by other feldspathic
products, Output of dry ground feldspar has been decreasing and
all operations in NAR may be discontinued before the year 2000.
Militating against profitable production of dry ground feldspar are
the depletion of suitable reserves and the high cost of selective
mining and handsorting.

GARNET

Production and use. Only one mine in NAR produces abrasive
garnet as its principal product and no production figures can be
revealed. One wollastonite mine produces garnet as = byproduct.

The major use for garnet is as an abrasive material in such
applications as optical lens grinding, plate glass grinding, and
lapping of semiconductor materials and metals. Garnet is also used
in nonskid floor paint, abrasive rapers and cloths, and for sand-
blasting. '

Garnet mines and prospects in NAR are indicated on Figure H-3.
The only active garnet operation in the Region is in an area of
Basin 12 which includes a number of inactive garnet prospects,
Garnet also occurs west of Lake Champlain in Basin 11. Two inactive
garnet mines are in Merrimack County, ¥.H., in Baszin 7. Connecticut
has two inactive garnet mines in the western part of Basin 10 and
one in Basin 8.

Relationship to water. At the single active operation in the
Region, garnet is separated from the gangue by jigging, tabling, and
magnetic separation. Water supply is sufficient at present, and in
case of expanded production, additional water requirements could be
met by recirculating more water. In 1964, 50 percent of total water
was recirculated; 10 percent was lost by evaporation. TForty percent
of the total water used is discharged and carries the waste material
to the tailings pond where the waste settles out before the water
is disposed of through surface channels.

Outlook. Garnet production in NAR is expected to continue
to grow slowly. Water pollution will not become & problem since
water is used principally as a transportation medium and as an aig
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in concentration., Additional settling basins, if needed, may be
easily installed. Large reserves and expansion of demand indicate
increased output until 1980 and then a leveling off until 2020.
Technological development could affect the industry adversely.

GREENSAND

Producticn and use. The principal deposits of greensand occur
in Delaware, Maryland, New Jersey, and Virginia, Basins 1h, .15, 16,
18, 19, 20, and 21 (fig. H-4). Creensand has been mined in all these
States but at present the only active mine is near Sewell, Gloucester
County, N.J. .

Greensand is produced in New Jersey by hydraulicking in an
open pit. The material is either washed, dried, and bagged to be
sold as a soil conditioner or further treated to produce zeclite.
For use as a zeolite, the washed greensand is given a stabilizing
treatment by passing sodium siliecate or aluminum sulphate through
beds of greensand. The stabilized greensand is rewashed, then dried
and bagged.

Relationship to water. Although production data for greensand
in NAR are confidential, the water used in 1964 was estimated to be-
65 million gallons of which 30 million gallons was recirculated.

The average annual production during the period 1960-64 was 4,000
tons, indicating that about 16,000 gallons of water was used per ton
of greensand produced. .The quantity of water discharged was approxi-
mately the same as the quantity of new water used. The discharged -
water was not treated. : ‘ '

Outlook. Production of greensand for soil conditioning is
limited because of high transportation costs and low market value.
Synthetic zeolite water softening agents have replaced the natural
zeolites recovered from greensand. Mining of greensand in NAR will
probably be discontinued by 1980. ' ' - '

Greensand has been a minor source of potash in the past and
may be of future importsnce only if extraction of potash can be done
cheaply enough to compete with other potash sources. The deposits
that could be mined by open pit in New Jersey are estimated to
contain more than 250 million short tons of potash in materisl that
averages 6.6 percent potash. .- o : '

KYANTTE

‘Production and use. Kyanite is an aluminum silicate mineral
identical in composition and most uses with andalusite and =2il1l1i-
menite, but differing from them in crystal form. This highly
refractory mineral is mined by open pit methods from large deposits
of kyenite-bearing quartzite rock containing 10 to 30 percent
crystalline kyanite. The kyanite is concentrated by flotation.
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) - Kyanite concentrate is used in ceramic mixes to obtain volume
‘and stability of fired products, as expanision of kyanite on’ con-
version to mullite in the mix compensates for shrinkage of other
components. Kyanite concentrate is also converted directly ‘to mullite
by heating at about 1500°C., The millite is used in the manufacture
of refractorles, including brick and shapes, mortars, plasters, and
.ramming mixes. Productlon data cammot be revealed but domestic con-
‘sumption of kyanite and synthetlc mulllte in l96h was estimated to

be more than 100,000 tons.

Kyanite is produced at two mines in Virginia (Basin 21);
cne at Wlllls Mountain, Buckingham County, and the other at Baker
Mountain, Prince Edward County (fig. H-3). The ore is processed at
mills adjacent to the mines: and at pla.nts at Dillwyn and Pamplin
City. Besides the two active mines, other occurrences are found in
Buckingham and Prince Edward Counties as well as in the Anna River
pegmatite ares, which ineludes portions of Caroline, ‘Hanover, Louisa,
and Spotsylvania Counties (Basin 20). Other occurrences in Virginia
~are outside NAR. Andalusite occurs in Piscataquis County, Me.
(Basin 2), and Middlesex and Worcester Counties, Mass. (Basin 7).
Kyanlte is found in Vermont (Basin T) and both sillimenite and
kyanlte in Ba51ns .7 and 8 in Grafton and Cheshire. Countles CNJH.

" Relationship to water. In 196k, the two milling operations in
Virginia used an average of 11,000 gallons of water for each ton of
concentrate produced. The mill in Buckingham County recirculated
87 percent of the total water used, discharged 10 percent, and
consumed the balance. The Prince Edward County mill recirculated
no water, dlscharged 90 percent and consunmed 10 percent.

The quality of water used in preliminsary grinding is not as
important as that used and recirculated in the flotation process,
vhere it is necessary to treat the water bty controlling acidity and
by settling. The water supply is sufficient for the present.
However, at one mill most of the available water is now being used
glong with maximum recirculation, and any additional requirements
will have to be obtained from new wells or other surface sources.
Wgter is discharged to a tailings pond where suspended solids settle
out, : ' ‘

" Outlock. Usage of kyanite is'expected to increase about
9 percent a year until 1985 when it will begin to level off. By the
year 2020, much of the kyanite used will be synthetically produced.

SALT

Production and use. The salt-bearing Salina Formation extends
under part of Basin 17 in New York and Pennsylvania (fig. H-2).
Producing aress peripheral to NAR in New York State affect the
economy of the Region and salt production from Tompkins, Onondags,
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Iivingston, and Schuyler Counties is included in Table H-1. Besides
food processing and seasoning, large quantities of salt are used in
chemical processes and manufacturing. Increasing quantities of salt
are used for ice and sﬁow control on roads.

Relationship to water. Water 1s not used in underground salt
mining. Water used in solution mining of salt is evaporated, or the
brine is used in chemical processing plants.

Outlook. Salt production is expected to continue to
increase. The Saline Formation dips southeast and is deeper in
NAR than in the producing areas to the west. There is little likeli-
hood that new operations will be established during the 20th century
in areas where the salt is deeper than in areas currently mined.

SAND AND GRAVEL

Production and use. Sand and gravel constitutes one of the North
Atlantic Region's principal resources, with the total volume of pro-
duction exceeding that of any other mineral commodity with the exception
of stone. Production is divided into two classes: Commercial, in
which the products are sold on the open market; and, noncommercial or
goverment-and-contractor, in which the product is produced exclusively
for Federal, State, county, or municipal governments and is used
principally for road construction and maintenance. '

Deposits are broadly separated into bank, pit, and subaqueous.
Bank deposits are usually mined dry althougbl -~ometimes they are
hydraulicked by forcing water under high pressure against a bank
and pumping the resulting slurry to the processing plant. Pits are
mined either dry or wet, depending on the level of the water table,
Subaqueous deposits are those in rivers, lakes, or. seas and are
usually dredged. Different combinations of excavating equipment are
used, including power shovels, bulldozers, front-end loaders, drag-
lines, suction and bucket dredges, and hydraulic monitors. '

Quantities of unprocessed bank run sand and gravel are used
for £ill and road material but the greatest part of commercial
production is washed, screened, and otherwise processed. In most
cases the material must be screened to meet size specifications and
washed to remove clay, silt, and soil. Material is washed during
the screening process and oversize gravel is crushed.

Sand and gravel for concrete aggregate must meet rigid specifi-
cations. DSand is separated from gravel by screening and the clay
is removed by classifiers or scrubbers. GCravel is freed from
deleterious material by crushing, screening, and washing. The
cleaned sand and gravel is then further screened and classified to
neet commercial specifications. The amount of treatment used in
preparing the sand and gravel for market will be greatly influenced
by the physical characteristics of the material in the deposit and
by the market for which it is intendegd.
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Transportation costs of sand and gravel are high relative to
its low unit value and the bulky nature of the product. Commercial
operations are usually set up near a source of water supply and
near the point of use,.

Production of sand and gravel in NAR in 196L was nearly
131 million tons or 15 percent of the total United States output.
Aithough production of sand and gravel has been reported from every
State in NAR and active or latent deposits are known in almost every
county, not all areas in the Region are equally supplied. Since the
construction industry utilizes most of the sand and gravel, the
volume is closely tied to local construction and population
centers. Because of the relatively large number and types of
deposits, it would be impracticable to describe in detail either
the deposits or the individual operations. Areas of production in
196k, by counties and magnitude, are shown in Figure H-5.

In the southern part of NAR, beyond the limits of glacial
activity, most of the sand and gravel deposits are in unconsolidated
Coastal Plain sediments, beach sands, and river and stream deposits.

Most of the commercial sand and gravel in the northern part of
NAR is the result of glacial disintegration and abrasion of bedrock.
Upon recession of glacial ice this material was deposited, then
transported, further abraded, and sorted by running water. Major
valleys occupied by the glaciers were the principal areas of
deposition of this sorted sand and gravel. Outwash areas
which are the best sources of sand and grevel in the Region are
shown in Figure H-6.

Many commercial sand deposits are residual, formed by the
weathering of sedimentary and igneous rocks. High-silica sandstone
beds most often mined for industrial sand also are outlined in
Figure H-6.

Relationship to water. Sand and gravel was the largest user
of new water and the third largest in total water used among the
mineral commodities in the United States mineral industry in 1962,
The total water use and reuse are dependent on the quantity of
material treated and the process water requirements of each particular
mineral commodity,

In 1964, 80.7 million tons, or 62 percent of the total sand
and gravel produced in NAR, required water for mining or processing.
Total water used was 62,239 million gallons or 770 gallons for each
ton of finished product. No water was reported in noncommercial
production.

Water requirements of sand and gravel operations vary with
the method of mining, which in turn depends on the type of deposit,
end use of the product, and proximity to the surface of the ground
water level,
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Process water for sand and gravel should be free of suspended.
solids and dissolved- solids such as sulfates which would adversely.
affect the quality of concrete. Water having a high or low pH can.
cause deterioration of processing equipment. In ocean or bayside
pits, salt films may coat the sand.grains. and the sand must. be
washed with:fresh water to be acceptable for scme purposes,
However, according to recent studies in Great Britain, sodium:
chloride acts as a mild accelerator in concrete when present in con-
centrations of 0.5 to 1.0 percent by weight. ILess than . _ 7:'
1.0 percent of sodium chloride is not a threat except for steel
reinforced concrete for which sodium chloride limits should be set,

Water pollution by .the sand and. gravel industry consists 7
chiefly of siltation. caused by solids in the waste water. In most
cases the suspended material can be.removed by settllng in. ponds
before the water is returned to the drainage system. The ponds are
dredged as required and the material sold for fill and special
applications.

Outlook. The construction industry utilizes 96 percent of the
commercial sand and gravel production and is mainly responsible for
the annual increase in tonnage and value. The continuing increase
in population with resulting construction work, plus the national
roadbuilding program will increase the demand for sand and gravel.
Because of its bulk and low unit value, transportatlon is & large
factor in the economics of the industry. With the population
expansion, mainly in metropolitan areas, many deposits in or near
these areas will be either worked out or unavailable because of zoning
restrictions; supplies will have to be obtained from greater distances
at higher cost. Deposits of sand and gravel are seldom surveyed in
depth to determine reserves but as a generality it may be stated.
that resources of sand and gravel are sufficient to.meet the demand .
created by any foreseeable expansion in the national economy. Goeod
sand and gravel is not available in quantity in all areas and not
all marginal deposits can supply satisfactory aggregates. Substitute
materials, such sas crushed stone, will probably supply most needs of. .
the future where sand and gravel is not available.

- Water requirements for the Nation's mineral industry are.
expected to increase and the requirements for the sand and gravel
industry can be expected to follow this trend. An adequate quantity
and quality of water must be provided or developed at the place and
time it is. needed to mine and process sand.and gravel to meet -
increasing future needs. At the present tlme 86 percent of. _ \-
commercial sand . and gravel production is,processed.-—Thiskpercentage-
is expected to increase. Continued depletion of high-grade deposits
near urban centers may accelerate the trend toward more washing
because producers will be: forced %o -use-lower grade deposits to
maintain -production within the economic shipping distance -of consumers, -
With the increased demand for washed aggregate, the problem of obtain-
ing adequate supplies of wash water will be intensified and the
problem of waste water disposal will become more critical. In the
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FIGURE H-6
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future, zonlng restrlctlons and State water regulations may requlre
all producers to treat waste water in settling ponds. '

STONE (Crushed)

Production and use. BStone is the principal mineral rescurce of
NAR, Crushed stone production in NAR in 1964 was 142.9 million tons
valued at $243.7 million, 20 percent of the total United States
production and 24 percent of its velue. Crushed stone was produced
in 177 of the 271 counties in NAR in 1964 as indicated in Figure H-T,
Forty-six counties had production of over 1 million tons; 25 counties,
500,000 to 1 million tons; 62 counties, 100,000 to 500,000 tons; and
the remaining W4 counties, less than 100,000 tons. There were over
200 producers of limestone (inecluding dolomite), 81 producers of
basalt or traprock, and 34 producers of granite; the remainder were
preducers of sandstone, quartz, quartzite, marble, gchist, and other
stone. . S ,

Thirty-two percent of the crushed :stone of all categories was
produced in the Pennsylvenia portion of NAR; New York saccounted for .
20 percent; Virginia, 16 percent; New Jersey and Maryland, 9 percent
each; Magsachusetts and Connecticut, U4 percent each; West Virginia,
3 percent; and Maine, Delaware, New Hampshire, Vermont, and
Rhode Island together produced the rememining 3 percent.

Stone deposits are found in every State in NAR, and it would
be impractical to describe in detail either the individual operations
or deposits. Some of the known deposits are remote and relatively
inaccessible so that productlon is uneconomlcal at present,

Crushed stone is a heavy, high-bulk, low unit value commodity,
and its economic utlllty in a particuler area is restricted by its
ability to compete ‘on a delivered price basis with stone from other
sources, Acce551b111ty and cost of transportation often determine -
whether or noct a partlcular deposit is a commercial reserve.

Limestone is the most important rock used for crushed stone in
NAR and is quarried chiefly in West Virginia, Virginia, Pennsylvania,
Maryland, and New York. Some metamorphosed limestone or semimarble

is mined and crushed 1n the- New England States, Maryland New York,
and Virginia,.

‘Traprock -{disbase or basalt), the second ranklng stone in NAR,
is quarried extensively in Connecticut, New Jersey, Pennsylvania,
and in portlons of Maryland New York, and Vlrglnla.

Granlte which is.crushed end used chiefly for aggregates, is
found in widely scattered areas. The. greatest production comes from
deposits in the mountainous sreas of the New England States where
_granite is common,
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Other types of stone are found throughout the Region and are
important locally. Miscellaneous rocks found in NAR but important
only locally include gneiss, quartzite, sandstone, marble, argillite,
and soapstone. Crushed stome is produced from these rocks when
gatisfactory deposits are near sites of immediate temporary need or
when the cost of shipping other types of stone is prohibitive.

Limestone was the leading type of crushed stone produced in
the United States in 1964 accounting for Tl percent of the total,
which also approximates the percentage of limestone supplied by NAR.
Limestone has a wide variety of uses, more than any other type of rock.
Large gquantities are used for manufacturing cement and lime, furnace
flux, agricultural stone, and in numerous chemical and industrial
applications., Most types of rock are used for concrete aggregate and
roadstone, but limestone is especially favored for this purpose.
Stone reserves in NAR are large, but stone of the quality required
to meet specifications for a particular use are limited in some areas.

Relationship to water. Water requirements of the crushed stone
industry are generally greater for processing than for mining. Water
use in mining is limited to dust control during drilling, loading,
and transporting.

The extent of processing 1s governed by the use for which the
erushed product is required. Most stone applications require
adherence to rigid specifications, i.e., concrete and road aggregates
must be crushed, cleaned, and graded to specific sizes; pulverized
stone is frequently used in processes requiring fineness of more
than 65 percent passing 200 mesh. Most stone is crushed and screened
dry, but cleaning requires water. Owing to the low prices of crushed
stone, dry grinding is preferred to the wet method and occasionally
the stone is artificially dried to assure better grinding. Classi-
fication normally employs screens of various types. The larger
fragments are sized with bar grizzlies and perforated steel plate.
When the fine sizes are used, they are classified by screening or
air separation.

Use of water by the crushed stone industry has become more
general in recent years to control dust and to meet stricter specifi-
cations. A common wash method is to use water jets for spraying
the stone during screening. Some crushed stone may require
additional scrubbing to remove adhering coatings. The quality of
water need not be high, but the water should be free of suspended
or floating solids, particularly organic, which may cause contamination
of the crushed stone with subsequent weakening and discoloration if
used in concrete., The water also should not contain a high percentage
of acid or alkaline impurities which would cause corrosion of the
washing, screening, and crushing equipment.
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In 196k, water was used in the production of sbout 63 million
tons or Lk percent of the crushed stone produced in NAR and required
a ratio of 375 gallons to each ton of finished product.

OQutlook. It is estimated that about 60 percent of the crushed
stone produced in NAR is used for construction and that the quantity
of stone produced for this purpose will continue to show an annual
increase. Increased production will be required because of long range
construction programs and greater use of crushed stone sand in areas
where sand and gravel is depleted or zoned out. The largest single
use for crushed stone is for aggregates and it is expected that
aggregate production will more than double by the year 2020,

STONE (Dimension)

Production and use. BStone which can be cut to a definite
shape and size from quarried blocks or slabs is classed as dimension
stone. The principal types of dimension stone produced in NAR are
granite, marble, sandstone, and slate, Other dimension stone
produced include basalt, schist, and other miscellaneous stone.

In 196k, 179 companies produced T34,000 tons valued at $37.3
million. Dimension stone is produced in every State of the Region
except Delaware. In some areas it is a major industry. Vermont and
Massachusetts were the leading areass for granite production.
Dimension marble was produced in Vermont and Maryland.

Dimension stone is classed into two main categories, rough and
dressed. Both types are produced in NAR and quarrying and preparation
varies with each stone type and its end use. Rough dimension stone is
used chiefly in construction. Most of the dimension stone produced in
NAR is dressed for use as monumental stone, curbing, flagging, and in
architectural applications. In NAR, granite is used principally for
curbing, monuments, and architectural applications; marble and sand-
stone for various architectural uses, and slate for flagstone.

In gquarrying dimension stone, considerable skill is needed to
break loose large blocks in the quarry without fracturing or producing
excessive quantities of waste rock. Channeling machines and wire saws
are used for cutting dimension stone in the quarry. Drilling and
wedging equipment is alsc used extensively. In recent years, an
oxygen-kerosene jet flame for cutting in granite quarries has found
wide use. The medium used for cutting by wire saws is a slurry of
water and sand for softer stones and silicon carbide or aluminum
oxide for granites and some marble. '

Dimension stone is usually prepared at adjacent mills using
equipment similar to that used in the woodworking industry, except
that saws are set with diamond teeth and other operations use silicon
carbide grinding wheels.
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Preparation for market varies with different types of stone
and their end uses. The stone is cut into blocks by circular, gang,
or wire saws. Some stones are smoothed by planers; polishing is
generally done by rubbing beds, rotating heads, and polishing pads.
Carving and shaping is done by hand, abrasive blasting, and jet flame.
Slate is split by hand and may be shaped either by hand or .by machine.

Rock masses or formations of various types of stone and which
are of potential commercial quality are numerous in NAR. - The
localities or quarries where the principal types of dimensicon stone
were produced in 196L (Fig. H-8) are as follows:

Granite. Tn Basin 5 in Maine, one quarry was active in each of
Hancock, Knox, and Waldo Counties. Other quarries worked intermittently
are near North Jay, Franklin County (Basin 3), and near Wells and
York, York County (Basin 6). Dimension granite was produced at
quarries in Merrimack and Hillsboro Counties, N.H. (Basin 7)5 other
quarries are worked intermittently. Inactive quarries are found in
Carroll County (Basin 6). Most of Vermont's dimension granite output
is from Washington County (Basin 11). Quarries also are active in
Orange and Windsor Counties (Basin 8). Dimension granite quarries

in Massachusetts are operated in Middlesex (Basin 7), Norfolk and
Worcester Counties (Basin 9), and Berkshire County (Basin 8); other
quarries are worked intermittently. S :

Dimension granite was quarried in Comnecticut in four counties,
mainly for architectural and monumental purposes. Quarries are in
Basin 8, Hartford County; Basin 9, Windham and New London Counties;
and Basin 10, New Haven County. Two quarries were active in
Washington County, R.I. (Basin 9). Cranite quarries in New York are
located in Essex (Basin 11) and Westchester Counties (Basin 12).

In Basin 15, active granite quarries are in the Philadelphia metro-

politan area. Dimension granite is quarried near Port Deposit, Md.

(Basin 17) and dimension diabase is produced in Culpeper County, Va.
(Basin 20). : ' ' '

Marble. Dimension marble is produced principally in Rutland County,
Vt. (Basin 11). Other quarries in the State are in Grand Isle and
Windsor Counties. Dimension marble also is produced in Harford County,
Md. (Basin 17). '

Sendstone. In Connecticut, dimension sandstone is quarried princi-
pally in Windhem County (Basin 10). In Basin 8, sandstone is produced
in Hempden County, Mass. Sandstone suitable for dimension is

quarried chiefly in Delaware and Broome Counties, N.Y. (Basin 15).
Other quarries are in Franklin (Basin 11), Albany (Basin 12), and
Otsego Counties (Basin 17).

The principal:dimension sandstone quarries in Penhsylvania are
in Susquebanna County (Basin 17). Other quarries are in Basin 15,
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Wayne, Bucks, and Delaware Counties; and in Basin 17, Potter County.
Sandstone quarries are in Faguier and Stafford Counties, Va.
(Basin 19).

Slate. Dimension slate is recovered from an underground mine in
Piscataquis County, Me. {Basin 2). The Washington County, N.Y.,

and Rutland County, Vt., slate area in Basin 11 is the largest
slate-producing area in the United States. Thirty-two quarries,

20 in Vermont and 12 in New York, were active in 196k4. 1In
Pennsylvania, slate production is centered in Northampton and Lehigh
Counties (Basin 15). Slate in Virginie is quarried in Buckingham
County (Basin. 21.).

In Figure H-8, limestone and miscellaneous stone gquarries are
indicated. Miscellaneous stone includes schist, basalt, and green-
stone. Quarries producing these latter stones are not numerous but
may be of economic importance locally.

Relationship_to water. Rélatively little water is used in
the producticn of dimension stone because many producers recirculate .
water. One company in Massachusetts used about 100 gallons of water
to produce 1 ton of granite. Another company in Vermont used nearly
3,000 gallons per ton for the same type of stone. Dimension granite.
producers in Connecticut, Maine, Maryland, and New Hempshire did not
report the use of water.' Therefbre, it is difficult to predict the
quantity of water needed to produce dimension granlte. Water used in
the marble industry ranges up to 56 000 gallons per ton. However
no comparison should be made since in 1964 there was production in
only four counties in two States. Three operations reported using
no water. . Slate producers reporting water usage showed a range from
63 gallons per ton to nearly 3,000 gallons per ton. Most sandstone
producers reported using no weter btut one indicated use of 4,000
gallons per ton of product. :

Qutlook. Dimension stone competes w1th never building
materinls such as glass, plastics, and metals. .The o0ld advantage of
high compressive strength no longer applies in modern building con-
struction. Expansion of this industry will depend on utilization of
higher weather resistance and natural beauty as a building material
and keeping costs competitive with the newer materisls, Some
dimension stone production may increase because of specialized uses
guch as precast building panels veneered with natural dimension
stone, However, the long term outlook for any significant increase
in demand will require competitive production costs and ‘full. utllization
of superior physical properties.

Since little water is used by this industry, water pollution
is not considered a problem. However, discharges from finishing
plants in urban centers may create siltation problems because of
lack of space for settling ponds.
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TALC

Production and use. Production of talc, including soapstone
and sericite schist in NAR in 1964 was 415,000 tons valued at $2.5
million. Most of the output was from two underground mines in
St. Lawrence County, N.Y., which are on the periphery of Basin 11.
Other producers of talc and talc materials were active in Vermont,
Pennsylvaria, Virginia, and Maryland (Fig. H-2). A soapstone mine
and mill in Carroll County, Md., ceased operation at the end of 1968.
Other producers of talc and talc materials were active in Vermont,
Pennsylvania, and Maryland. A scapstone mine and mill in Carroll
County, Md., ceased operation at the end of 1968.

~ Talc has a variety of uses each of which has its own set of
specifications. Ground talc is used chiefly as a filler materisl by
the ceramic and paint industries. Ground talc is also used in
insecticides, roofing, rubber, asphalt, paper, toilet preparatlons
and other mlscellaneous materials.

As indicated in Figure H-2, talc deposits are found in all
States except Maine, Connecticut, New Jersey, Delaware, and
West Virginia. In Basin 7, deposits are located in Middlesex County,
Mass., and Hillsboro and Merrimack Counties, N.H. There are numerous
talc deposits in Basin 8, most of which are located in Windsor and
Windham Counties, Vt. Other deposits are in Coos and Grafton
Counties, N.H., and Franklin and Hampshire Counties, Mass. 1In
Rhode Island, talc cccurs in Providence County. Basin 9.

Talc occurrences in Basin 11 are in St. Lawrence County, W.Y.,
and in Addison, Chittenden, Lamoille, and Orleans Counties, Vt.
In Pennsylvania, inactive soapstone mines are located in Philadelphia
and Chester Counties (Basin 15) and Lancaster County (Basin 17)}.
Maryland deposits are in Harford (Basin 17), Cecil and Baltimore
(Basin 18), and Montgomery Counties (Basin 19). Virginia has tale
deposits in Albemarle, Campbell, and Nelson Counties, Basin 21,

_ Relationship to water. Most of the talc produced in NAR is
dry ground and air floated. However, at the Johnson, Vermont, mill
(Basin 11), water flotation is used to produce a better grade
product. The Vermont plant does not treat discharge water but
pollution is not a problem because all talc is removed and the
flotation reagent is harmless. No sulfide minerals are present and
mine water is neutral.

Outlook. Nationally, consumption of talc, soapstone, and
assoclated minerals has increased by an average of 20,000 tons
annually for the past 20 years. This rate of increase is expected to
continue and producers in NAR can be expected to contribute to this
growth in the future.
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The following commodities require little or no water in mining
and/or processing:

ASBESTOS

Asbestos is produced at only one mine in NAR, near Lowell,
Orleans County, Vt. (Basin 11). - Another mine near Eden, Lamoille
County, discontinued preoduction in 1943. ©No water is used in
asbestos mining and milling except for drilling. Water from the mine
is drained into surface channels but polliution is not evident,
Asbestos from the Lowell mine is widely used for asbestos-cement
products such as roofing, shingles, siding, pipe insulation, and
paper. Rock discarded from the processing mill is used in road
construction,

United States annual production of asbestos may increase to
200,000 tons by 1985 compared with domestic production of more than
100,000 tons in 196k, The United States produces only about 10
percent of total consumption and must depend upon imports from Canada
and the Union of South Africa for the balance. Canada supplies over
90 percent of these imports.

CEMENT AND LIME

Cement and lime industries are sometimes interrelated since
the principal ingredient for production of both is limestone,
Although neither industry is water related, they generally are large
operations and may affect the minéral economics of the Region.

Cement manufacture requires large quantities of limestone and
clay, and smaller amounts of other ingredients including bauxite,
gypsum, iron oxide or mill scale, fly ash, and silica. Nearly 3,200
pounds of raw materials are used to produce 1 ton of portland cement.
There are several varieties of cement, the standards for which have
?een §stablished by the American Society for Testing and Materials

ASTM ). .

The principal type is portland cement, a hydraulic cement con-
sisting of compounds of silica, lime, and alumina. Masonry cement
is a mixture of portland or natural cement, finely ground limestone
or lime, and a plasticizer. The third type is natural cement which
was produced in Ulster County, N.Y.; production ceased in 1967

Production of cement in NAR in 1964 was negrly Tl million
barrels of portland, over 5 million barrels of masonry, and a minor
quantity of natural cement. Portland cement is used in concrete
construction where compressive strength and durability are the primary
requirements. Masonry cement is used in bulldlng construction as a
finishing cement.
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Lime is made in several ways depending upon its final use,
Quicklime is produced by heating crushed limestone in a kiln with
temperatures high enough to drive off carbon dioxide. Hydrated lime
is made by adding water to quicklime and then drying the lime. Lime
is used in agriculture, construction, metallurgy, and as a basic
industrial chemical. Two industrial uses of significance to pollution
control are the neutralization of industrial wastes and in water
softening and purification.

Deposits of limestone suitable for cement and lime production
are found in all States of NAR except Delaware and New Hampshire,
The only cement plant in Maine is at Thomaston, in Basin 5. No
primary lime is produced in the State, In Massachusetts, three
companies produce lime in Berkshire County; there are no cement
producers.

The prlncipal center for cement production in New York is in
the Hudson River Valley for the New York and New England market .
Cement plants are located in Albany, Greene (three plents), Columbie,
Ulster (two plants), Warren, Onondaga, and Schoharie Counties. Lime
was produced at & chemical plant in Onondaga County,

More cement and lime are produced in Pennsylvania than in any
other State of the North Atlantic Region. The abundance and accessi-
bility of high-grade limestone and other cement raw materials, and
extensive nearby markets have led to the high utilization of these
resources. Important commercial cement and lime producers are
located in the central and southeastern counties., Eight cement
plants are located in Northampton County; four- in Lehigh County, and
one each in Berks, Montgomery, and York Counties. . Three lime plants
are in Centre County and one each in Chester, Columbis, and York
Counties,.

In New Jersey, the State's only lime producer is located at
Newten, SBussex County.

Three cement plants, one each in Carroll, Frederick, and
Washington Counties, are active in Maryland. 1In Frederick County,
three companies burn limestone for lime. :

Three cement plants are located in Virginia: one each in
Botetourt and Warren Counties and one in Chesapeake City. Lime
plants are found in Frederick, Giles, Isle of Wight, Tazewell, and
Shenandogh Counties.

In the West Virginia portion of Basin 19, three lime plants

one each in Berkeley, Jefferson, and Pendleton Counties, and one
cement plant In Berkeley County are active.
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Little weter is' used in the manufacture of cement in NAR.

Some water is uséd in- the lime industry particularly to produce
hydrated lime.® This water is:lost by evaporation and hydration of the
lime; little is lost through drainage. - The quantity of water used in
producing hydrated lime is one part water to approximately three parts
gquicklime. The quality of water used in the lime industry is not of
critical importance, tut it must be free of solids, floating or sus-
pended, whlch may 1nterfere with the productlon of hlgh grade materlal

Increased production of cement is expected in response to.
population growth and to expanding need in highway, industrial, and..
housing constriction. During 1969, nearly 408 million barrels of
all types of cement were produced in the United States. Industry
projects cement production in the United Stetes at 740 million barrels
by 1980 and about 1750 million barrels by the year 2000. Reserves of
raw materials required for cement production are adequate. Growing
stream pollution control should increase the market. for lime. used to
reduce acidity and as a coasgulant Tor precipitating industrial wmstes.

Over 20.2 million tons of primary lime was sold or used by
producers ‘in the United States during 1969, an increase of 4.1 million
tons over 1964. Lime production is expected to continue to incresse.

CLAY AND SHALE

In NAR, 1964 clay production was more than 6.2 million short
tons valued at $16.8 million.  Varieties of clay produced in the
‘Region are common or miscellaneous clay (including shale), keolin, ball
clay, and fire clay. ' Because of the extensive occurrences of mis-
cellanecus clay snd shale there are few areas in NAR that do not have
some sort of clay industry. Miscellaneous clay and shale is used
principally for manufacturing bullding brick and tile, sewer pipe,
terra cotta, lightweight aggregate, and portland cement. Kaoclin is
used as a coater and filler in the papér industry. It also is used
as a filler in rubber, paint, and fertilirzer, and in the mamifacture
of refractories and pottery. Ball elay 'is used principally in
pottery, stoneware, and floor and wall tile. Fire clay is used
primery in the manufacture of heavy clay products and refractories.

Some type of clay or shale has been produced in every State of
the North Atlantic Region and deposits are so widespread that individual
locations are not discussed. During 196k, all States in NAR, except
Rhode Island, produced miscellaneous clay. Small quantities of kaolin
were produced in Vermont and Pennsylvania; ball clay was produced in

Maryland; and. fire clay waHs produced in Maine, Maryland New Jersey,
and. Pennsylvanla.

Water is used in producing clay and shale products but the
- quantity is minimal. At clsy product plants water is used in mixing
operations to make the clay plastic but it is leost in processing

through evaporation. Pollution is generally not a problem of the clay
industry.
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Production of clays and shales in genersal should continue to
increase. Production of some clays such as fire clay will decrease
in the future because of depleted reserves and the accelerated use
of substitute materials. Kaolin production will continue to expand
because of its specialized use.

EMERY

Fmery is produced in the United States only in NAR near
Peekskill, N.Y. (Basin 12). It is mined from shallow open-cut
workings. Emery is used as an abrasive component for grinding wheels
and abrasive cloth., However, imported Turkish emery is generally
preferred for these uses. Domestic emery is used principally as a
nonskid element in pavements and stairways.

Besides the active mines near Peekskill, N.Y., emery deposits
are known near Chester, Hampden County, Mass., and near Chatham,
Pittsylvania County, Va. Emery also occurs in Pennylvania but the
Massachusetts and Virginia deposits are the only ones known to have
had production, ,

- No water is used in mining or milling emery and there is no
pollution problem. Proved and indicated reserves of emery are
adequate for the future.

GRAPHITE

Currently, no graphite is mined or processed in NAR. The major
use for natural graphite is for brushes in electrical motors and other
electrical equipment, and for clay-graphite crucibles. Most graphite
used today is artificially manufsctured for electrodes, anodes, and
for various shapes used in metallurgical and chemical applications.

In the New Englend States some small deposits contain enough
flake graphite to have been of economic interest in the past.
Graphlte occurs mostly disseminated in schists and other metamorphic
rocks., As indicated in Figure H-k, the principal area of graphite
and/or graphitic coal occurrences in New Frigland is in Rhode Island
(Basin 9) with six localities.

Most of the graphite deposits in New York occur in the eastern
Adirondack Mountain ares of Essex, Warren, Washington, and Saratoga
Counties. Deposits also occur in St. Lawrence County and in meta-
morphic rocks of the Highlands region in Rockland County.

The graphite deposits of Pennsylvania are limited to the highly
metamorphosed rocks in Berks, Bucks, and Chester Counties. Graphite
occurrences are found in Passaic and Hunterdon Counties, N.J.

- In Virginia, graphite is known to occur in a number of localities
in Albemarle, Louisa, Orange, Powhatan, and Warren Counties.
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Development of graphite mines in NAR in the future is unlikely
since there is only a limited market for each type of graphite and
no indication of increased demend for natural grephite. Most of the
graphite in New York or Pennsylvania does not meet specifications
for crucible—-grade graphite. If mining were resumed at these
localities, beneficiation would be by flotation which requires water.

Imported ore of superior qguality is priced lower, at point
of import, than it could be produced at any potential mine in NAR.
Manufactured artificial graphite is of sufficient gquality and
quantity to meet future requirements.

MAGNESIUM COMPOUNDS

The principal primary magnesium compounds are deadburned
dolomite, refractory magnesis, and caustic-calcined magnesia, _
From these are formed many other magnesian compounds and chemicals.

Refractory magnesisa is produced from dolomite and sea water
at one plant at Cape May, N.J. (Basin 16). The dolomite is crushed,
screened, washed, and then calcined at temperatures ranging from
1000° to 1200°C. to form magnesian lime. The magnesian lime is added
to sea water to precipitate magnesium hydroxide, the calcium oxide
going into solution as calcium chloride, The magnesium oxide is
dewatered and fired in rotary kilns in temperatures as high as
1850°C. The principal uses for magnesium compounds are for flux,
refractories, cements, pulp and paper, chemicals, rayon, and many
miscellaneous applications. Small guantities of magnesium chloride
crystals, magnesium sulfate (epsom salts), magnesium trisilicate, and
other high-purity magnesium chemicals also were made in New Jersey.

Sea water is used in producing magnesium compounds, and
solutions remaining after removal of minerals are returned to the
ocean. ¥No pollution problems are evident in this process. Magnesia
production will tend to increase since the refractory industry is
expected to require increasing quantities of high-purity magnesium
oxide.

POTASSIUM SALTS

Potassium sulfate is produced as a byproduct at a cement plant at
Security, Md. (Basin 19). This product is & low grade salt used for
agricultural purposes. It is recovered by collecting, in precipitators,
ash formed during the burning of cement materiasls. No water is used
in production of these potassium salts. Production of these salts
from the cement plant will probably continue. However, production is
small and future output will depend chiefly on cement production at
the plant,
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PYRITE

-In NAR pyrite generally occurs with iron,'coppér, lead, and
zinc ores; and in some cases with gold ore. 1In Pennsylvania, pyrite
is a byproduct of iron production at Cornwall, Lebanon County '
(Basin 17), and Morgentown, Berks County (Basin 15). Recovery of
pyrite from the Cornwall mine averaged 100 tons for each 6,500 tons
of ore treated. A concentrator at the mine brocesses the ore by
crushing and grinding, magnetic separation, and flotation to produce
iron ore, pyrite, and copper concentrates. The principal use for
pyrite is in the production of sulfuric acid. The iron oxide
byproduct, the residue after sulfur removal, is used in the production
of pig iron.

Deposits with iron sulfides as the principal minerals of
potential economic importance occur in all States of the North
Atlentic Region except Delawere and West Virginis and are indicated
in Figure H-9. Some of the deposits have been productive in the
past but none are being mined now.

In Maine, 15 or more localities have been noted in Arocostook,
Franklin, Knox, Oxford, Piscataquis, Somerset, Washington, and
Hancock Counties. Almost all copper, lead, and zinc occurrences in
New Hampshire carry pyrite which could be produced as a byproduct.
Estimates have been made that the ratio of pyrite to waste in most
of these deposits is about 1 to 13. Deposits are known in Coos,
Grafton, and Sullivan Counties. '

Considerable pyrite and pyrrhotite is known in waste dumps of
old mines. The waste dumps of the Vermont Copper Belt are estimated
to contain 200,000 tons of iron sulfide minerals. 014 mines and
prospects are found in Lamoille, Orange, Rutland, and Windsor Counties.
In Massachusetts, 10 mines or prospects are known in Berkshire, Essex,
Franklin, Hempshire, Middlesex, and Worcester Counties. Connecticut
has occurrences in Fairfield and Litehfield Counties.

The iron pyrites in Jefferson and St. Lawrence Counties of
New York lie in a northeast trending belt parallel to the
St. Lawrence River 4 miles wide and 35 miles long extending from
the vicinity of Antwerp to Canton. Nineteen pyritic deposits are
known in the Region, most of which lie in this belt. Pyrite oceccur-
rences .in Pennsylvanis are located in Bucks, Berks, Lancaster,
Lebanon, and York Counties. ' o

Almost all pyrite found in New Jersey is associated with
magnetite deposits in Morris, Bussex, and Warren Counties. Some
sulfide minerals have been found in New Castle County, Del., but
no deposits are known since a thick mantle of sand and cley covers
the bedrock. Pyrite is present in the Sykesville Mine, Carroll
County, Md. The principal sulfide deposits in Virginia are chiefly
pyrite and pyrrhotite in a northeasterly belt extending through
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Basins 19, 20, and 21. The principal depeosits in this belt are in
Louisa, Prince William, and Stafford Counties.

It is not likely that the pyrite and pyrrhotite deposits in
NAR will be mined in the future, but if such mining occurred, the
potential for polluting nearby water sources will be greatly
increased unless adequate measures are taken to prevent or minimize
pollution. The large reserves of pyrites-in Maine, New York, and .
Virginia are estimated to contain. over 40 million tons of -sulfur.
These reserves will probably not be exploited as a source of sulfur
mainly because sulfur can be mined more economically by the Frasch
method in the Gulf:States. 1In addition, the iron content is not high
enough to be considered for development as a primary source of iron.
Future production of pyrite will depend chiefly on development of new
base metal mines where the pyrite is recovered as a byproduct and the
continuing operation of the magnetite mines in Pennsylvania.

TRIPOLI

In NAR tripoli (rottenstone) is produced only in Basin 17 near
Antes Fort and Mungy, -Lycoming County, Pa. It occurs there as a
weathered:gilicous residue of limestone or black calcareous shale.
Rotteénstone is mined from open pits. It is then crushed and dried,
air floated, and bagged.  The final product is used as an abrasive
or filter medium. No walter is used to mine or .process. tripoli in
Pennsylvania. : . .

Rottenstone is produced in Pennsylvania because the deposits
are close to consuming markets. The future of this industry in
Pennsylvanisa depends upon the existence of little known reserves,
but it is reasonable to assume that production will continue for some
time. - : : :

WOLLASTONITE

The only known deposits of wollastonite in the Region are in
Essex County, N.Y., in Basin 11 (fig. H-3). One operation is active
at Willsboro. Other mines are near Lewis and Clintonville.
Principal uses for wollastonite are in the manufacture of ceramics,
peint, plastics, and in certain building products.

Water used in mining is negligible, although some water is _
used. to control dust during drilling. Before crushing and concen-
trating the ore must be thoroughly dry. There are no water
pollution problems in this industry, as milling is a dry process.
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-FUELS
ANTHRACITE

Production and use. All of the Nation's anthracite is in the
Delaware and Susquehanna Basins, in northeastern Pennsylvania as
indicated in Figure H-10. Deposits of meta-anthracite in Basin O
extend from Rhode TIsland into Massachusetts. These deposits were
previously worked largely for their graphite content, but are not
presently being mined. The Pennsylvania anthracite field covers
about. 485 square miles in 12 counties: Carbon, Columbia, Dauphin,
Lackawanna, Lebanon, Tuzerne, Northumberland, Schuylkill, Sullivan,
Susquehanna, Wayne, and Wyoming. '

There are as many as 26 minable anthracite beds separated by
layers of intervening shale, sandstone, or conglomerate ranging from
a few feet to as much as 200 feet thick. Anthracite thicknesses range
from a few inches to as much as 60 feet, and thicknesses of 100 feet
have been found where the strata have been tightly folded. Anthracite
production has been declining since the 1917 peak year when nearly
100 million tons was produced. In recent years, output has declined
frem 4L.1 million tons in 1950 to 9.7 million tons in 1970. In the
period 1960-T0 (Table H-U)}, production dropped at an annual rate of
6.4 percent.  During this same decade, tonnages recovered from under-
ground mines declined from 41 percent of total production in 1960
to 18 percent in 1970. Strip-mined tonnages in this period increased
from 38 percent to 47 percent; culm production increased from
18 percent to 31 percent, and output from dredge operations remained
stable at about L4 percent. The declining trend for underground
production is attributable to-the high cost of deep mining of anthra-
cite due to high labor and pumping costs.

The principal markets or uses in 1964 included retail deliveries,
3.33 million tons:; electric utilities, 2.24 million tons; iron and
steel, 1.5 million tons; and exports, 1.58 million tons. Domestic
anthracite shipments included 2.2 million tons to Pennsylvanis,
1.3 million tons to New York, 640,000 tons to New Jersey, and
380,000 tons to the New England States.

Relationship to water. The greatest problem of the anthracite
industry is control of underground water. Subsidence is a natural
sequel to deep coal mining, particularly after the removal of pillar
coal. The drawing of pillars causes the overlying rock strata to
fracture and collapse into the voids left by mining. In some
instances, fracturing and subsidence in and near streams have been
so severe that much or all of the water has been diverted to form
pools in underlying mines. Generally, anthracite is mined only to
the water table, with only a few underground mines at present pumping
to control water in workings below it.
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TABLE H-hk

" Production of Pennsylvania Anthracite, 1960-70

(thousand short tons and‘thousand dollars)

Production

Year Underground Stripi Cﬁhn Dredéé' Total 1/ Value
1960 7,696 7,112 3,297  Ti2 18,817 $1U7,116
1961 6,785 7,247 2,669. 7&6 1T,hh6 140,338
1962 6,673 6,822 2,6TL 727 16,89 134,00k
1963 6,715 7,468 3,393 .692 18,267 153,503 |
1964 | 5.,889 7,177 3,413 705 17,18k 148,648
1965 5,297 5,939 2,930 700 14,866 122,021
1966 4,088 .5,253 2,938 662 12,941 100,663
1967 3,258 h,Tho 3,627 632 12,256 96;160
1968 | 2,450 h,§96 3,709' 606 - 11,k61 97,245
1969 2,106 4,579 3,253 535 10,473 100,770
1970 1,7k 4,541 3,036 Log 9,729 105,341

;/ Data may not add to totals shown because of individual rounding.
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Demand for anthracite began to decline after World War I, and
by 1920 many mines had been abandoned because of exhausted reserves
or unprofitable operations, usually a result of the cost of pumping
water. Water accumilated in these ¢ld mines and in abandoned areas
of active mines. Some of these were interconnected, but in other
instances barrier pillars failed and allowed water from an abandoned
mine to flow into an active mine and flood the workings. These
conditions have been cumulative and have spread from mine to mine.
Comparatively few of the abandoned mines were without reserves and
billions of tons of anthracite are inundated by these water pools.

Waters of the anthracite region have become acid, iron, and
manganese bearing, as a result of water in the mines chemically
reacting with pyrite present in the coalbeds and surrounding rock
strata. Treatment and purification of this water is of serious concern
to the region and to the industry. Mine drainage adds immense quanti-
ties of acid water in the Region's rivers.

The use of water in anthracite mining is negligible. Water
used in processing amounted to 31,864 million gallons in 1962, which
was still less than 1 percent of the total used by the Nation's
mineral industry. Discharged process water containing silt and fine
coal has caused siltation and increased flood damage.

Outlock. Anthracite mining and production.are projected to
decline until 2000 when a leveling off will occur at about 3 million
tons per year. The decline is attributable principally to the loss
of some markets and increased mining costs. - The sharpest decline
will be in space heating, enthracite's major market. In previous
years, the smokeless quality of anthracite was attractive to consumers.
Total consumption for household and commercial space heating declined
from 28 million tons in 1949 to 4.7 million tons in 1968; an average
annual decline of 8.9 percent. Competitive fuels such as. oil,
natural gas, and electricity have replaced anthracite in the space
heating market because of their convenience and low installation
costs.

Eleectric utility and other manufacturing industries which have
traditionally used anthracite as a source of fuel have found
bituminous coal, fuel oil, and natural gas more economical. Some
electric utilities have switched to bituminous coal because of lower
fuel costs realized through use of unit trains from producing areas
outside the anthracite region. In addition, supplies of the smaller
sizes of anthracite produced by dredges and at culm and silt banks
are becoming depleted.
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BITUMINOUS COAL

Production and use. Bituminous coal occurs and is mined in
many parts of the United States. In NAR it is found in an area along
the western border of the Region in several counties of Pennsylvania,
Maryland, and West Virginia as indicated in Figure H-10. Small
isolated fields also are found in central and eastern Virginia, but
no production has come from these fields in many years.

Coal has been mined from 13 or more seams in the Region in
recent years, but more than 90 percent of the production has come
from five seams in the Susquehanna River Basin: the Upper and Lower
Freeport, and Upper, Middle, and Lower Kittanning seams. The Brook-
ville and Clarion seams &lso are important producing beds.

In 1964, bituminous coal production in NAR was 3L million tons
valued at $137.7 million, almost 7 percent of the national output of
487 million tons. About 92 percent of the Region's production was
mined in Pennsylvanis in the Susquehanna River Basin, the remainder
came chiefly from the Potomac River Basin in Maryland and West Virginia.

In 1964, there were more than 1,200 bituminous coal mines in
the Region, about 1,150 in the Busquehanna Basin in Pennsylvania and
less than TO in the remainder of the Region in Marylend, Virginia,
and West Virginia. Counties with output greater than 1 million tons
in 196l were--in descending order--Cambria, Clearfield, Indiana,
Somerset, and Jefferson, all in Pennsylwvania.  Clearfield County had
the largest number of strip mines and the greatest preduction by that

method; Cambrias County had the greatest production from underground
mines.

The largest and most rapidly growing use for bituminous coal is
for electric power generation. Of the bituminous coal consumed in
196k, 4T percent was used by electric power utilities, 20 percent was
for coke manufacture and.other metallurgical uses, 19 percent went
into other manufacturing (including cement manufacture), b percent was
sold to retail dealers, and 10 percent represented net foreign exports.
Distribution data for the North Atlantic Region's bituminous coal
shipments are not available.

Relationship to water. Problems resulting from bituminous coal
mining are related to acid mine drainage from surface and underground
mines, subsidence from deep mining, disturbance of surface by strip
mining, and storage of waste from coal washing plants. When water
from ground and surface sources and atmospheric oxygen come into
contact with pyrite in the coalbeds and adjacent strata, exposed
through mining, a chemical reaction takes place. Water soluble acid
sulfates (sulfuric acid, ferrous sulfate, and ferric sulfate) are
formed and this acid is often discharged to surface streams by pumping
or gravity flow. Btreams are polluted by the acid drainage and
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accompanying insoluble iron sulfate (yellowboy). Acid formation
also occurs through waters draining from surface strip pits and coal
waste plles. .

. Water used in mlnlng is mostly spray water in cuttlng and
drilling operations. However, when coal is cleaned, large quantltles
of water are used. In 1964, it was calculated that 905 million
gallons of new water was needed by those producers reporting water use.
In future years, it is probable that a greater percertage of the coal
mined,will_be mechanically cleaned.

Outlook, Demand for bituminous coal in the United States is
expected to more than double within'the next 30 years, and demand for
NAR production is expected to double within 50 years. Demand for
coal for power generation will continue to grow. In 1968, '

205 million tons of bituminous coal and lignite was used by electric
utilities in the United States; 59 percent of the total domestic
demand. Consumptlon of coal for power is increasing at the rate of
6.8 percent per year. Reserves of ‘bituminous coal in NAR are large
but the Region's share of the energy market is dependent on many

" economic and technologlcal variables. Coal preductionh in the Region
is expected to keep pace with national trends.

PETROLEUM AND NATURAL GAS

Production and use. Extensive metamorphic and volcanic rocks
in a geclogically complex setting and a paucity of marine sediments
characterize much of NAR. Conseéquently, commercial deposits:of
petroleum and hatural gas are not w1despread and the prospect of
finding additional deposits is limited. ' The few localities in NAR:
where oil and gas have been found lie near the western boundary of
the Region, west of the Valley and Ridge and Blue Ridge Provinces,
and southwest of the Adlrondack Mountains in the Susquehanna River
Basin (17), and the Potomac River (19) and James River Basins (21).
In Basin 17, commercial deposits of natural gas are not uncommon from
central Pemnsylvania northeastward through central New York. Ultimate
recoveries from individual gas wells tend to be mediocre, although
a few wells have not only yielded large volumes but alsc have
recorded high initial rates of production, These circumstances are
unusual, though, and are probably the result of drilling into -
reservoir rocks with extens1ve natural fractures but otherw1se of
low permeabillty a

Only two oilfields have been discovered in NAR, both in the
Susquehanna River Basin (17) in Pennsylvania. St. Mary's field, in
eagst~central Elk County, has sbout 18 wells and produces from the
Queen sand (Upper Devonian), The Gains field, in west-central Tiogs
County, has sbout 56 wells and produces from the Atwell and Blossburg
sands (both Upper Devonian). The latter field is significant because
it is the most easterly oilfield along the regional strike in NAR.



Natural gas has been found in western New York in the region
southwest of the Adirondack Mountains in Basin 17. Some commercial
production has been obtained. Additional shows of gas point to the
pogsibility that other commercial deposits will probsably be found
in this area of NAR. ©OSpecifically, this includes western Delaware
and Otsego Counties, Herkimer County, and counties west of these.
Commercial oil production in New York occurs only in Cattaraugus and
Allegany Counties, and in a very small portion of southwestern Steuben
County; all of this area lies -outside NAR,

In Pemnsylvania, production of natural gas has been reported
from fields in Cameron, Clearfield, Clinton, Potter, -and Tioga
Counties,

In the southern portion of NAR, natursl gas production comes
from sbout seven wells in the Mountain Lake Park field, and from
three wells 'in the Negro Mountain field, both in Garrett County, Md.
(Basin 19). Production comes from the Oriskany sand (Devonian},

A one-well extension of Pennsylvania's Artemus field (Bedford County)
is located across the state 11ne in Allegany County, Md

~ Natural ges has been found in Oriskany sand in Rocklngham _
County, Va. (Basin 19). Additional shows of ‘gas have been reported
in exploratory wells to the southwest, but outside of NAR. Well
density in the intervening area is extremely low, as it is elsewhere
in the western portion of NAR in Maryland and Virginia. It ia not-
unreasonable to believe that further exploration w1ll uncover
additional reserves of natural gas.

Relationship to water. Water is not used in the production of
petroleum and natural gas except for limited quantities used in -
drilling ‘and ‘hydrofracking.  After production at a crude petroleum
well begins, care must be exercised to avoid water pollution by

spills of brine separated from the petroleum and/or from the
petroleum itself. -

Outloock, The sedimentery basins, found in the Piedmont of
Maryland and Virginia (Basins 19, 20, and 21), contain sediments of
Triassic Age, and are probably of contirental origin. It is doubtful
if petroleum or natural gas occur here in significant gquantities.

The most promising area for future discoveries of oil and gas
in NAR is off the Atlentic coast. Geophysical crews have conducted
nunerous surveys in recent years. A consortium of oil companies
recently established the presence of stratlgraphlcally significant
cretaceous formations structurally capable of accumulating hydro-
carbong on the continental shelf approximately 100 miles southeast
of Cape Cod. Within the boundary of NAR, additional discoveries of
natural ges, and perhaps minor discoveries of oil, will undoubtedly be
made in the areas already described when deeper sections of the
geologic column are penetrated.
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METALS
 BASE METALS
COPPER

Production_and use. Copper mining has been carried on at many
localities in NAR in the past, but production from these operations
was limited. Currently, the only active operation is at Harborside,
Me. {Basin 5). Copper also is recovered as a byproduct of magnetite
mining in Pennsylvania.

Most of the United States copper production is outside NAR
and is from western States. Copper concentrators and smelters are
usually near the large mines; only one primary smelter is located
in the Northeast in New Jersey. However, about 59 rercent of the
electrolytic-refining capacity and 61 percent of the total ocutput
Is accounted for in six refineries on the Atlantic Coast in New York
City, N.Y.; Carteret and Perth Amboy, N.J.; and Baltimore, Md.
Twenty copper faebricating plants are located in the New England
States, most of which are in the Connecticut Valley area. Other
fabricating plants are located in the Middle Atlantic States,

Copper is valuable both as a pure metal and as an alloy with
other metals, and its uses are numerous and varied. The greatest
consumption of copper is in electrical applications such as power
generation and transmission, communications, industrial and home
electrical equipment (marine, air, and land). Other applications of
copper and copper alloys include pipe and tubing for air conditioning,
plumbing, and fluid and gas transmission lines. Additional uses are
in jewelry, coinage, home utensils, brass and bronze, and furnishings
utilizing the metal's decorative properties.

Copper deposits, prospects, and occurrences are indicated in
Figure H-11.

In Maine, the coastal area from Pencbhscot Bay to the Canadian
border and the inland watersheds of all streams entering the Atlantic
Ocean (Basin 5) comprise the district containing most of the known
copper deposits.

Callahan Mining Co. is currently producing copper and zinc
from its Cape Rosier mine near Harborside. Another deposit at Blue
Hill has been extensively explored and production may soon begin. .
In Area A, covering Hancock and Washington Counties, 10 other
prospects are known. Further prospects are in Washington and
Somerset Counties,

Copper deposits in Hew Hampshire are centered in two main
localities {Areas A and B) in Basin 8 and L4, respectively. In the
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Gardners Mountain area in Grafton County {Area A), 10 mine localities
are known, and in Coos County (Area B), three prospects are located.

In Vermont, six inactive mines and prospects are located in
Orange County in Basin 8 (Area A). Other deposits are in Basin 11
in Lamoille, Essex, Rutland, Franklin, and Orleans Counties.

Deposits of copper in Massachusetts are mainly in the western
counties of Basin 8; some are in Basin 7. Thé principal copper
deposits and prospects are in the western counties of Basin 10,

In the Connecticut portion of Basin 8, two inactive mines are
located near Granby. Other deposits are in Basin 10; one in Fair-
field County, two in Litchfield County, and four in New Haven County.

Ten principal copper prospects or inactive mines are known in
New Jersey, seven in Basin 14 and three in Basin 15. Copper occur-
rences in Pennsylvania are located in Adams, Franklin, Lancaster, and
Montgomery Counties. Copper is recovered as a byproduct of magnetite
mining at the Grace mine of Bethlehem Mines Corp. in Lebanon County.

Copper deposits in Maryland are in two main areas (Area A and B)
in Basins 18 and 19, respectively. There are six inactive mines each
in Carroll and Frederick Counties. '

In Virginia, minor qusntities of copper were produced in
previous years from pyrite mines in the Gold Pyrite Belt, indicated
in Figure H-9. Inactive mines are located in Amherst County
(Area A), Buckingham County in Basin 21, and elsewhere.

Relationship to water. Copper mining in NAR is limited to one
mine in Maine but water use data are not available for this operation.
However, by referring to the data of a 1962 survey on water-using,
copper-ore producing companies of the United States, some assurptions
cen be made. Water used by the copper industry in the United States
in 1962 averaged 1,045 gallons per ton of crude ore produced, Of
this total, 18 gallons were used in mining, 861 gallons for
processing, and the rest for other uses. As indicated, the bulk of
the water requirements by copper producers would be in processing ore
at concentrating mills in flotation circuits. The impact of this
water usage would only have a local impact in' a few isolated areas
since the possibility of large scale copper mining in the Region is
remote.

Outlook. It is expected that demend for copper in the
United States will increase substantielly in the future. If national
needs require it and if it is economical to mine, some new copper
mines in NAR can be expected to come into being within the next
30 years. '



LEAD AND ZINC

Production and use. - In 196h, lead produced in NAR was a
byproduct or coproduct of zinc mining. Lead output 1s combined with
zine in this report. Production during 1964 in New York was 61,000
tons valued at $16.5 million; New Jersey production was 33,000 tons
valued at $9.0 million; and Pennsylvania production was 31,000 tons
valued at $8.3 million. Production in the NAR portion of Virginia .
ceased in 1962 when 6,000 tons was produced. Total production in
1964 in NAR and the United States is shown in Table H-1l.

Zinc is a chemically active element which alloys readily with
other metals. The relatively high position of zinc in the electro-
motive series accounts for its extensive use as a coating to protect
iron and steel products against corrosion. . Other important uses are
in die castings, wrought or rolled zinc products, an alloy constituent
of braess, and zinc oxide.

Lead 1s used industrially both in its metallic form and in
compounds. About 55 percent of U.S. lead consumption is for storage
batteries and tetraethyl lead., The remainder is used in cable
covering, paint pigments, building construction, smmunition, and
various alloys, chiefly solder, and bearing and type metals.

As indicated in Figure H-12, lead-zinc occurs in all States of
NAR except Delaware and Rhode Island. Some occurrences contain only
lead or zine, but most contain both metals in varying proportions.
Generally, primary ores of: lead and zinc are closely associated
mineralogically. Some ores are complex and contain copper, iron,
gold and silver, and occasionally nickel, cobalt, arsenic, and other
metals. Various combinations of minerals may occur in complex
deposits and lead and zinc may be of paramcunt, seccndary, or of only
minor commercial importance.

A review of the various deposits follows:

Maine-~lead and zinc occurrences are found in three
general areas - coastal, northern, and western. The coastal area of
Hancock and Washington Counties (Basin 5), predominates in the number
of' deposits. Two companies in Hancock County are engaged in explora-
tion and development work for production of copper, lead, and zinc
ores. The deposits are near Blue Hill and Harborside, The Blue
Hill deposit has been explored and developed extensively and is
reported to be ready for production. 8ix other principal deposits
and prospects are located in Hancock County. In Washington County,
three occurrences are known, and in the western area, there is one
each in Oxford, Somerset, and Franklin Counties. In the northern
area (Basin 2), an occurrence has been reported near New Limerick,
Aroostook County.
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New Hampshire--The State is underlain by a thick sequence
of schists, phyllites, slates, gquartzites, impure marbles, and
volcanics which have been downfolded into a major north-south
trending syncline, intruded in places by granitic rocks and broken
by thrust faults. Distribution of some lead and zinc deposits appears
to have been structurally controlled by mejor thrust and normal
faults,; which are close and parallel to the Connecticut River, and
by fractures along the flanks of plunging anticlines along this same
river, Most of the lead-zinc deposits lie along the eastern side of
the Connecticut River Basin but a few occurrences are east of the
White Mountains. Deposits are found chiefly in Grafton and Coos:
Counties with 11 and five principal loeslities, respectively. Other
counties having lead-zinc deposits are: Merrimack (1)}, Carroll (2),
Sullivan (1), and Cheshire (1).

Vermont--Bedrock in Vermont is similar to that of
New Hampshire, underlain by thick sequences of schists, phyllites,
slates, quartzites, impure marbles, and volcanies. The syncline,
mentioned in New Hampshire section, continues into Vermont and is
broken by thrust faults and bordered on the west by the Green
Mountain anticline. Three lead-zinc prospects are loeated in Rutland
County and one in Lamoille County, 8ll within Basin 11.

Massachusetts~-Most lead-zinc occurrences are found along
the Connecticut River where conglomerate; sandstone, arkose, shale,
thin limestone, and basaltic lava flows dip gently eastward. These
rocks have been intruded by disbase sills and dikes and are broken
in places by normal faulis which trend northeast and have a dis-—
placement of several hundred feet. Mines or prospects are located
as follows: three in Franklin County, two in Hampshire County, and
one in Essex County.

.Connecticut--The bedrock in the Connecticut River Basin is
similar to that of Massachusetts. Some of the lead-zinc mineralization
occurs in narrow veins salong fault zones. between schist and con-
glomerate. Glacial till and sand and gravel cbscure most of the
bedrock. No lead-zinc production has been reported in recent years

but two inactive mines each are located in Middlesex and Falrfield
Counties. :

New York--The crystalline rocks of the northwestern
Adirondack Mountaing are overlapped on the west and north by meta-
morphosed sandstone, limestcone, and dolomite which outerop chiefly
slong the 5t. Lawrence River. Bedrock of scoutheastern New York
consists of metamorphic and igneous rocks of the Appalachian Mountain
belt. The zinc occurs in overlapping lenses and pods replacing impure
limestone. Active lead-zinc mines are in Basin 11, located near
Edwards and Gouverneur, 5t. Lawrence County. Within the county,
numercus inactive mines and deposits are near Rossie, Malcomb,
Edwards, Balmat, and Gouverneur. Other deposits are situated in
Orange (3), Ulster (1), and Sullivan (2} Counties, all in Basin 12.
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Pennsylvania--The lead-zinc deposits in this State are
usually found in the intensely folded rocks of the Appelachian
Mountain belt, Lead-zinc prospects or occurrences have been reported
in 20 counties in Pemmsylvenia. The only active mine in the State is
at Friedensville, Lehigh County, in Basin 15,

New Jersey--Principal deposits of lead and zinc ocecur in
Sussex County where the bedrock is composed of metasediments inter-
calated with granite, gneiss, and pegmatites, and overlain by more
recent sediments. At location 1 (Figure H-12), Sussex County, the
Franklin and Sterling Mines have been large producers of zine for over
100 years. The Franklin Mine has been worked out and sbandoned but
the Sterling Mine at Ogdensburg is still producing manganiferous zinc
ore. Other inactive mines are located near Andover, Sussex County.

Maryland--Long inactive lead and zinc mines and prospects
are located in the Piedmont upland of western Maryland where bedrock
is gneiss, quartzite, schist, marble, rhyllite, and greenstone
intruded by granitic, gabbroic, and ultramafic rocks. The ore oceurs -
as replacement stringers in limestone between slate and crystalline
limestone. Lead-zine localities are. in Frederick County (3) and
Carroll County (2}, both in Basin 19.

Virginia--Ore deposits in the Piedmont region generally
consist of steeply dipping veins composed chiefly of pyrite, with
accompanying chalcopyrite (copper), sphalerite (zinec), and galens
(lead). The veins occur in crystalline metamorphic rock associated
with intruded igneous bodies. Within the North Atlantic Region there
are several inactive lead-zinc mines.

West Virginia—-The area where zine occurs has a geologic
setting similar to that of the northern Piedmont of Virginie. There
is only one deposit in the State and although it has never been
worked, commercial possibilities are present. This mine is in Basin
19, located asbout T miles southeast of Charlestown near the east
shore of the Shenandoash River in Jefferson County.

Relationship to water. In 1969, the Sterling Mine, Sussex
County, N.J., produced about 25,000. tons of metal in direct shipping
ore. The water used was calculated to be 273 million gallons, of
vhich 4 million was recirculated. Nearly all the water was discharged,
with sbout 15 million gallons being treated by chlorination and
2 million gallons consumed. About 8,300 gallons was used per ton of
metal end 31 gallons was used per dollar of product produced.

The Balmat and Edwards zinc mines in New York State produced
neerly 61,000 tons of metal using 626 million gellons of weter, of
vhich 619 million gallons was discharged, and the balance was
consumed. None of the discharged water was treated. An average of
10,300 gallons of water per ton of metal and 38 gallons per dollar
of product were used during the year. -
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The mine near Timberville, Rockingham County, Va., was closed
in mid-1962 because the ore was depleted. During the time of
operation over 6,000 tons of zinc and lead was produced using
23 million gallons of water, of which 1 million gallons was
recirculated. Nearly all the water used was discharged without
tregtment. About 3,800 gallons of water were used per ton of metal
produced.

Outlook. The long-term upwWward trend of United States lead and
zinc consumption is expected to continue. New discoveries can be
expected to maintain domestic production at or sbout its present
share of the domestic market. New discoveries and new mines have
not been developed in NAR, Unless exploration and development
increase, NAR production will decrease as mines are depleted.

It is probable that in the long term new mines will be
developed as older mines are depleted in NAR., This will result in
approximately the same water use, but in different localities,

FERROUS METALS
CHROMITE

Production and use. Chromite has not been mined in NAR since
the end of the Civil War. Sporadic attempts to mine chromite since
then have been unprofitable, About 60 percent of chromite consumed
is used in alloys and 30 to 35 percent for refractories, The balance
is used in chemicals.

The Piedmont Upland of Maryland and Pennsylvania is the only
area in NAR that has a record of past chromite production (fig. H-13).
The serpentine rocks of this region have been mined for both high-
grade massive ore and low-grade disseminated chromite, both grades
of which oceur in irregular and unpredictable form., Placer deposits
are found in and near streams that drain the areas of serpentine
rock deposits.

In Basin 17, 18, and 19 of Maryland, chromite occurrences are
located im five principsl areas which extend in & northeasterly
direction from Montgomery County through Howard, Carroll, Baltimore,
Harford, and Cecil Counties, continuing into Basin 15 in Pennsylvania,
In Marylend, four mines and prospects and four placers, all inactive,
are in Area A, Areas B and C have one and two inactive mines and
prospects, respectively. In Area D there are five inactive mines
and one placer occurrence. Only one inactive mine is in Area E.
However, within the area are six placer deposits and 12 stream beds
with values in chromite. :

In Basin 15 in Pennsylvania, two inactive mines are in Ares A.
Placers in the area are found principally along Conowingo Creek and
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its tributaries.  In Area B, 14 inactive mines and prospects and

three placers are situated. Areas C and D have two and three inactive
mines and prospects, respectively. Also within Area D are placers

in stream valleys of: Chrome Run and Chester Creek.

Some low-grade chromite occurrences are known in Maine. None
of these deposits have commercial possibilities, and since the average
grade is less than 0.35 percent chromite, no effort has been made to
map the locations. . . - S : :

Relationship to water. In the event that it becomes necessary
to mine the low-grade chromite ore deposits in NAR, the crude material
will require beneficiation involving the use of weter; probably not
less than 500 gallons per ton of crude ore treated. The processing
and beneficiation of low-grade chromite ore under present technology
would not have any deleterious effect upon water quality. provided
that flotation reagents are neutralized and suspended solids are
removed before water is discharged. i : e

Qutlook. Future potential of chromite deposits in NAR is
probebly limited to mining the reserves of low-grade disseminated
chromite if the value increases severalfold or in a nationel emergency.
Major changes in the supply and use patterns during the next 10 to
20 years will involve increasing use of chromite fines and concen-
trates, increasing use of different types of chromite ore, and
reliance on relatively few sources. World reserves of metallurgical
and chemical grede chromite are more than sdequate for many decades,
but known reserves of refractory grade ore are not- large. Almost
all chromite used in the United States today is imported, because :
more than 90 percent of the domestic chromite resources consist of
low-grade, high-iron deposits. Unless technology develops methods to
upgrade domestic ore ‘into ussable concentrates, the future of domestic
chromite ore production in NAR is bleak. f '

IRON CRE

Production and use. The iron ore producing States in NAR in
196k were New Jersey, New York, and Pennsylvanis. Water users
produced 4.4 million tons of iron ore concentrate valued at- $71.5
million. Tsble H-1 contains additional daste comparing NAR production
with that of the United States. . : S -

Iron ore, in addition %o supplying metal for iron and steel
products, is used in pigments, cement, refractories, fluxing agents,
and as a constituent of some catalytic agents. Magnetite, one of
the ore minerels alsc i1s used for aggregate in concrete, as a shielding
material in nuclear power plants, as a medium in Jig beds and sink
float plants, and as ship ballast. :
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Various deposits of iron core exist throughout the Region and
are indicated in Figure H~lhk. Iron ore deposits may be divided into
four main types on the basis of their mineralogy and in order of
economic importance: 1) magnetite, 2) tltanlferous—magnetlte '

3) hematite, and L) limonite. A review of the significance of the
deposits within each State is as follows:

Maine--The principal potential sources of iron in Maine
are in Basin 1 in bedded, manganiferous, Airon-bearing deposits 1n
Aroostook County and the pyrrhotite deposits at Katahdin. The
menganese-~bearing sedimentary rocks of Aroocstook County are hematite
slates and banded hemstite. Folding and metamorphism converted some
of the hematite into magnetite. These manganiferous iron deposits
are in three districts. The Northern District, Area A, west of the
towns of Presque Isle and Caribou, is 25 miles long with a makimum
width of 18 miles., There are 22 reported prospects or deposits in
the Northern District, of which the principal occurrence is the
Dudley Deposit, west of Presque Isle, The Central District, Area B,
is 15 miles west of Bridgewater by roed.snd 21 miles north of Houlton;
it is about 1-3/h miles long and over 1/2 mile wide. The main '
deposit of the Central District is in the Maple Mountain-Hovey
Mountain Region. The Southern DlStrlct Area C, cénterlng around
Houlton is 13 miles long and 8 miles wide. The. Southern District
was investigated by the Bureau of Mines in 1963 and 1956 and seven
 important deposits were found. Bog iron ore {limonite) has been
produced at many localities and many other deposits are known, but
are too small and variable in grade to be mined . economically under
present conditions. A few small deposits of hematite have been
found; the principal deposit is in the town of Wade, in the Northern
Distriet. Magnetite has been reported in veins in granite but none
of the deposits are commercially important.

New Hampshlre—-All iron deposits are too small for
commercial development at the present time. Magnetite was mined at
17 principal localities within the State but mostly before 1865 .

Vermont--A discontinuous belt (Area A} of mixed kaolin,
ocher, sand, and low-grade manganiferous iron extends through
Rutland and Bemington Counties to the Vermont-Massachusetts line
in Basin 8. The belt is along the western foothills of the Gréen
Mountains and is approximately 90 miles long and as much as 2 miles
wide. In places, the belt contesins veins of iron and manganese ores.
Within this belt, in Windsor County, deposits were worked and the
ore was smelted locally. Irregular distribution, pockety occurrence,
and varisble gquality of the ore were principal causes of failure in
many of the mining operations in this belt. A number of iron
deposits in Rutland, Chittenden, and Orleans Counties have been
investigated by the U.S. Bureau of Mines.

H.--85



Massachusetts--Iron deposits are found principally in lime-
stone, shale, and gneiss. An iron industry in the western part of the
State {Area A) was based on limonite deposits in the Stockbridge
limestone. This district extends into Connecticut, Vermont, and’
bordering New York State and lies principally in Basin 10. Magnetite
has not been commercially important but deposits occur in Franklin (3)
and Hampden (1) Counties. Bog ore was worked at a number of places
in Essex and Hampden Counties. Siderite occurs with limonite in
Berkshlre, Essex, and Worcester Countles.

Connecticut-~The Salisbury District in the western part
of the State was one of the more important iron ore producing areas
in the Nation in the early 19th century. The area has scattered
deposits of limenite and goethite occurring in weathered limestone
and schist. Even after the development of Lske Superior ores, this
district continued to produce for a number of years. Although the
iron content of the ore was only 40 to 50 percent, its low phospho-
rous and high manganese content made the Salisbury ore desirable for
production of car wheels and ordnance. Principal deposits are near
Salisbury; Lakeville, and South Kent. Small bodies of magnetite ocecur
in many places. Siderite has been mined at Roxbury, Litchfield
County. Bog ores have been mined from a number of dep051ts in New
London, Windham, and Tolland Counties.

Rhode Island--Minor production of ircon ore has been reported
from four deposits in Providence County (Basin 9). A magnetite-
ilmenite mixture (cumberlandite) containing about 30 percent iron
and 10 percent titanium dioxide occurs in a peridotite intrusion at
Iron Mine Hill in Cumberlend, Providence County. '

¥ew York--In Basins 11 ‘and 12, major magnetite deposits
occur in the northern Adirondack Region and Hudson Highlands area
(Areas A, B, C, D, E, F, and H). Active magnetite mines are in .
Clinton and Essex Counties. Numerous inactive mines and deposits
are in Clinton (19), Essex (11), St. Lawrence (3), Washington (31),
and Warren Counties (2). Area H, which extends from the Connecticut
State line through Putnam and Orange Counties into Passaic County,
N.J., contains 15 inactive mines or prospects. Deposits of titanif-
erous magnetite occur in the Lake Sanford area, Essex County {Area D).
Magnetite as a coproduct of ilmenite is currently produced at the
MacIntyre mine riear Tehawus. Seven other titaniferous magnetite -
deposits are within Area D. N .

" Hematite deposits occur in the Clinton formation of Silurian
Age in the western part of the State (Basins 12 and 17). The beds =
crop out in a narrow belt that extends from Niagars Falls to Cherry
Valley in Otsego County (Area I). The thickest beds extend from
eastern Oneida County to western Wegyne County. Another area of
hematite deposits (Area G) extends from Antwerp township in
Jefferson County to Canton township in St. Lawrence County. The
ores were previously mined prineipally for pigment material.
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Although most of the ore is self-fluxing, the high mining costs and
relatively low iron and high phosphorus content make the ore
uneconomical to mine,

Several limonite deposits found in Dutchess and Columbia
Counties represent an extension of the Salisbury District in
Connecticut. The geology is the same as that for the Connecticut
deposits. ©Siderite crops out in a belt 4 miles long near Greempoint
and Livingston, Columbia County. :

Kew Jersey--Iron ores that have been mined were limonite,
hematite, and magnetite. Limonite from bog ore deposits was developed
in early years but more recently magnetite has been mined almost
exclusively. Major magnetite deposits occur in Passaic, Warren,
Morris, Sussex, and Hunterdon Counties in Basin 1L and 15. Numerous
mines and prospects occur in Passaic, Warren, and Morris Counties
and production continued until the mid-1960's in Morris County.
Hematite deposits occur near Andover, Hamburg, and McAfee, Sussex
County; and near Phillipsburg, Warren County.

Delaware--Bog iron ore was mined in Sussex County near
the Maryland border early in the 19th century. Reserves are unknown
but probably very little ore is left since the deposits were shallow
and mining was discontinued in the 1840's.

Pennsylvanla——Hematlte limonite, and magnetlte have been
mined within the State for many years. Hematite ores were produced
in great abundance during the 19th century. Magnetite is mined
currently at the Cornwall mine in Lebanon County and at the Grace
mine in Berks County.

Hematite ore occurs chiefly in the Clinton Formation in Snyder,
Mifflin, Perry, Juniate, Blair, Huntingdon, Bedford, Columbia,
Lycoming, Montour, Union, and a few other counties, The ores are
usually found near mountain slopes in thin, steeply dipping beds.
Reserves of limonite are indicated at Boiling Springs, Cumberland
County; near State College, Centre County; and in other deposits
in Blair, Centre, and Huntingdon Counties.

Marylend--The known iron ore deposits are small and none
have been mined in recent Years. Inactive mines and occurrences are

in Carroll and Cecil Counties (magnetite), and Frederick County
(magnetite, hemstite, and limonite).

Virginia--Principal iron ore deposits are found in the
Piedmont, Blue Ridge, and Valley and Ridge provinces. Most of the
iron hes been obtained from mines in the Alleghany-Bath Limonite
District which is located in Basin 21.



Inactive mines and deposits are located chiefly in Alleghany
and Cralg Counties. Additional mines and prospects in hematite
deposits are located between Waynesboro and Roancke (Ares B).

In Bath County (Area A), hematite occurs in the Clinton (sandstone)
Formation. Magnetite and hematite deposits occur in a narrow belt
along the James River from Norwood to Lynchburg (Area C). A few
deposits of magnetite are along the James River in Nelson and
Albemarile Counties. :

West Virginia—Numercus hematite deposits were formerly
worked in Grant, Hardy, Hampshire, Mineral, Monroe, and Pendleton
Counties in Basin 19. Most of the prospects and pits were small and
output was used locally. : T

Relationship to water., Iron ore production in NAR is concen-
trated using magnetic separation (wet or dry), tabling, gravity, -or
flotation methods. OSettling or filtering is all that is necessary
for the first three processes before discharging or recirculating
water., Water from the flotation process may have to be treated to
neutralize flotation reagents before discharge into surface channels.

The industry, in 1964, used nesrly 18.9 billion gallons of
water to mine and process nearly 5 million tons of concentrate; over
4 billion gallons of water was new and the balance recirculated.
‘More than 3 billion gallons were discharged with 2.5 billion being
treated by settling, 260 million by filtering, eand the balance
di scharged without treatment.

Qutlook. Production of iron ore in NAR is not expected to
increase significantly.

MANGANESE

Production and use., Manganese and manganiferous ore were
produced in NAR intermittently from the 1870's through 1959.
Production was small in the early years and oubput was used locally.
No manganese production has been reported in NAR since 1959 when
the Federal Government ceased purchasing metallurgical-grade
mariganese from producers 1n Virginia. From 1952 through 1959,
over 112,000 tons of manganese ore produced in Virginia was purchased
at premium prices for the Federal stockpile. -Manganiferous residuum
is recovered as a byproduct of zinc smelting at Palmerton, Pa., from
mangeniferous zinc ore mined at Sterling Hill, N.J. {Basin 15).

Manganese is used principally in the production of steel as
a desulfurizer and deoxidizer. Three major use categories for
manganese are: 1} metallurgical, 2) dry cell battery manufacture,
and 3) chemical. Manganese is used chiefly in the form of ferro-
manganese for metallurgical applications. Manganiferous residuum
also is used as a ferroalloy.
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Deposits and areas of manganese occurrences are indicated in
Figure H-8. A review of the deposits is as follows:

Three areas of low grade deposits of manganese are in the
iron-bearing sedimentary rocks of eastern Arcostook County, Me., in
Basin 1; another deposit is at Blue Hill, Hancock County (Basin 5).
In New Hampshire, deposits are near Winchester and Hinsdele (Basin 8).
Three deposits are indicated in Rutland County, Vi. (Basin 11), near
Brandon, Chittenden, and South Wallingford. Other minor deposits in
Vermont are in Bennington, Rutland, Orange, Addison, and Orleans
Counties. Deposits in Massachusetts are in Hempshire (Basin 8) and
Berkshire (Basin 10) Counties. Also in Basin 10 in Connecticut,
deposits are near Salisbury, Litchfield County, and Redding,
Fairfield County.

In Basin 12 in New York, deposits are located in Colunbia,
Dutchess, and Putnam Counties. Other small deposits not indicated
in Figure H-8 are in Westchester, Orange, Essex, Albany, Warren, and
Rensseleer Counties. Manganese deposits in New Jersey are in Sussex
County (Basin 15).

Three principal areas for manganese are in Pennsylvania: in
Iehigh snd Berks Counties, Basin 15; in Dauphin, Lebanon, and
Schuylkill Counties, Basins 15 and 1T7; and in Blair, Centre, and
Huntingdon Counties, Basin 17. Other deposits in Basin 17 are in
York and Cunberland Counties. :

In Virginis, four principal manganese areas are shown in
Figure H-B; two are within Basin 19, one in Basin 21, and another
extends in a narrow northeast trending belt through Basins 19 and 21.
" Many inactive mangenese mines are within this narrow belt in the
western foothills of the Blue Ridge Mountains. Other occurrences in
Basin 21 are in Botetourt and Rockbridge Counties; in Basin 19, an
ocecurrence is indicated in Augusta County.

Relationship to water. Menganese is not produced in NAR at
present, so water quality and pollution are not a problem. However,
if production cccurs in the future, concentrates will be produced
using Jjigs, tables, and log washers. These processes all use water
and poliution will be a problem unless control methods are employed.
Quality of water for beneficiation is not important.

Outlook. The world supply of good quality metallurgical
mangenese ore is substantial and probably will not be of concern to
users in the United States at least until 1980 if foreign supply
sources remein open. If foreign supplies are not availeble, sources
in NAR may be developed into producing mines or manganese nodules may
be recovered from the ocean floor. The outlock for battery grade ore
supplies from foreign sources 1s equally good, but should these
sources vanish other types of batteries would be used. Technological
advances in battery meking and growing use of rechargeable batteries
which do not contain manganese are expected in the future.
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MOLYBDENUM

Production and use. Most of the United States production of
molybdenum is from one mine in Colorado; other domestic production
is chiefly as a byproduct of copper and tungsten mining. Molybdenum
is used principally as a ferroalloy. Minor uses are as metal and
in high temperature alloys and chemical applications. Although not
produced in NAR, molybdenum deposits occur in the New England States.

Deposits and occurrences of molybdenum are shown in Figure H-13.
In Maine, eight deposits or prospects are in Basins 1, 5, and 6 in
Aroostook, Washington, Hancock, York, and Cumberland Counties.
New Hampshire deposits are in Bagin 8 in Cheshire, Coos, and Grafton
Counties. Also in Basin 8, molybdenum is reported to be present .in
the ore of an inactive lead mine near Easthampton, Mass. In the
Basin 11 portion of Vermont, one occurrence is reported in Rutland

County. Molybdenum occurs in a deposit near Woonsocket, R.I.
(Basin 9). . .

Relationship to water. If molybdenum mining were undertaken
in NAR, beneficiation would be by flotation and water use would be
on the order of 1000 gallons per ton of ore treasted. The potential

for water pollution would depend largely on the presence of other
sulfide minerals, : .

Qutlook. Deposgits rich enough and large-enocugh to be mined for
molybdenum alone are not known in the Region. Future production is
most likely to be as byproduct of base metal mining.

NICKEL AND COBALT

Production and use. Nickel~ and cobalt~-bearing ores of NAR
have been found in sulfide deposits that typically consist of .
pyrrhotite, pentlandite, and chalcopyrite.. These deposits occur in
norite, peridotite, and related igneous rocks. The ore commonly
contains 1 to 2 percent nickel, and 0.05 to 0.1 percent cobalt.
At present, only cobalt is being produced in Pennsylvania as g
byproduct of iron ore production., 1In Years past, quantities of
nickel ore also were recovered from deposits within NAR,

Nickel's principal use is in ferrous snd nonferrous alloys,
such as stainless steel and Monel metal, and electroplating. Other
important uses are as catalysts and in batteries and magnets.
Sintered nickel powder is used for filtering and purification of
concentrated alkaline solutions. Other powder-metallurgy uses include
aluminum-nickel-cobalt (Alnico) magnets, iron-nickel magnet cores,

glass to metal seals, copper-nickel-tungsten heavy metal, and
silver-nickel contact points.

Cobalt is used as an element in ferrous and nonferrous elloys,
in the form of oxide, as ground coat for porcelain enamel, in
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pigment, and for cemented carbides; and, in the form of salts, in
lacquers, varnishes, paints, and inks. It is alsoc used in enamel,.
glass, and electroplatlng

As shown'-in Flgure H—l3, nickel and cobelt dep031ts are indi-
cated ‘in Maine, Vermont, Massachusetts, Connecticut, Pennsylvanla
New Jersey, Maryland and Vlrglnla. :

In Maine, a nlckellferous pyrrhotite deposit is located in
Union Township, Knox County (location 1, Figure H- 13}. The deposit,
surveyed geophysically and exploreéd by dlamond drilling, was found
to contain nickel, copper, and cobalt. Indications are that the
nickeliferous deposits may be extensive. Other prospects are in Knox,
Piscatagquis, Hancock, Kennebec, and Cumberland Counties.

‘Talc recovered from a mine at Johnson, Vermont (location 1,
Figure H-13), contains a nickeliferous pyrrhotite impurity. A
representative sample of pyrltlc—nlckel concentrate assayed 10 percent
nickel. :

A deposit of amphibolite containing nickel in disseminated
copper and iren sulfides is located near Dracut, Mass,

Two nickel deposits are in Litchfield County, Conn, One is
5 miles west of Litchfield and the other is 1-1/2 miles west of
Torrington.

Past production of nickel was reported from the inactive Gap
Nickel mine near Kinser, Lancaster County, Pa. Quantities of cobalt
are recovered as a byproduct from active magnetite mines in Berks
and Lebanon Counties. Cobalt also is associated with other minerals
in deposits in Huntingdon and Lehigh Counties. :

Irn the Franklin Mining District, Sussex County, N.J. (location 1,
Figure H-13), a mass of nickel-cobalt ore was mined at Trotter Shaft.

In Maryland, cobalt is contained in one of the minerals of the
Patapsco Mine in Carroll County (Loec. 1), Cocbalt also is one of the
constituents of the ore from the Carroll mine near Finksburg,

Carroll County (Loc. 2). Both of these deposits are small and cobalt
is only a mlnor constituent of the ore.

" Cobalt associated with manganese ores has been found on the
northwest side of the Blue Ridge Mountains (Loc. 1 and 2) in
Virginia. '

Relationship to water. The relationship of water to the mining
and processing of nickel and/or cobalt ores is minimal since these
products in NAR are generally recovered as byproducts in the production
of other metallic minerals. Usually the nickel and cobalt contents
of these ores are recovered in the process of leaching or electro-
refining of other metals.
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Outlock. The consumption of nickel in the United States is
expected to continue its steady increase resulting from the general
economic growth, The United States consumes about 50 percent of the
free world output, and will continue to do so In the immediate future.
The prospect of finding nickel ore in large quantities in NAR or the
United States is not good, but with present output or recent new
finds in Canada,'the outlock for adequate supplies for the U.S. is
favorable. World output of cobalt will continue to exceed consumption
and therefore supplies are expected to be ample for the next 50 years.

OTHER METALS
GOLD AND SILVER

Production and use. Gold and silver have been produced in
NAR, but never in more than small amounts except as byproducts of
copper, lead, zinc, and iron mining. Silver production from
New York State was reported at nearly_EO,QOO ounces in 1962 and

13,000 ocunces in 1964. Gold and silver are recovered in Pennsylvenia

as a byproduct of iron ore mining, but output is small. Neither gold
nor silver production was water related.

Besides their use in coinage or as monetary reserves, gold and
silver are used as an industrial materiasl in the manufacture of
Jewelry, in dentistry, and for electrical and electronic components.
In 196k, almost 75 percent of the %.8 million troy ounces of gold
consumed by the domestic industry was used for jewelry or other
artistic purposes. In addition, silver is a constituent of photo-
graphic film and alsoc finds applications in medicine, and as a solder
and brazing alloy. : ' ' o

Gold deposits as indicated in Figure H-13 are either as native
metal or contained in other metallic minerals. Locations of base
metals containing gold and silver are not repeated in this section.
A review of the principal gold localities is as follows:

_ Maine--Gold placer deposits are located near Byron and
Milton, Oxford County (Basin 4), and near Moscow, Somerset County
(Basin 3). '

 New Hampshire--In Basin 8, deposits of gold in pyrite and
gquartz veins are located in the Ammonocosuc Digtrict near Lisbon,
Grafton County. Gold placers are known. in Indian Stream, Coos County.

Vermont--Gold placers are in & southwestward extension

of the Ammonoosuc District in New Hampshire into Orange and Windsor
Counties (Basin 8) as far south as Plymouth.
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New York, Massachusetts, Connecticut--Many gold deposits
have been reported in the glacial drift’ in the Adirondack Mountains
of New York and in veins in Massachusetts and Connecticut, but few
proved to contain more than a trace of metal and none have been
worked profitably. :

Pennsylvania--Gold and silver are currently being
recovered as byproducts of magnetite mlnlng in Berks (Basin 15) and
Lebanon Countles (Basin 17).

Maryland--Gold occurs in Monthmery and Carroll Counties
in Basin 19. :

Virginia--Major occurrence of gold is in the "Gold Pyrite
Belt" which extends from southeastern Buckingham County north-
eastward through Fairfax County in Basins 21, 20, and 19.

Relationship to water.. Placer mining of gold by individuals
may occur locally but will have little effect on water pollution.
Gold and silver production is not considered as water related since
almost all output:is associated with base metal production and
water used by the baese metal industries is described elsevhere. .

Outlook. Gold and silver production in NAR will probably
never bhe a major industry since all production will occur associated
with other base metals. With base metal output increases:in the
future, production of these precious metals will also have a tendency
to Increase.

RARE EARTHS AND THORIUM

Production and use., Rare earths are those elements whose
atomic number ranges from 57 to Tl (lanthanum to lutetium) on the
periodic table. Yttrium, atomic number 39, is usually regarded as
g rare earth because of its chemical similarities. More than 200
minerals are known that contein the rare earths and thorium. Monazite
and bastnaesite are the principal commercial sources of the rare
earths, and monazite is the prinecipal source of thorium. Deposits
of monazite and apatite (a8 mineral source of yttrium and other rare
earths) are known in NAR but are not presently mined. However,
several companies prepare metals and compounds from concentrates
produced ocutside this Region. These plants are located at Pompton
Plains and Newark, N.J.; York and New Castle, Pa., Carle Place, N.Y.;
and Great Barrington Mass.

The use of rare earth elements, as compounds, metals, and alloys,
are divided by importance into the following categories: (1) the
glass industry; (2) carbons for arc lighting; (3) metals and
alloys; end (4) in miscellaneous applications. Various rare earths
are used in the glass industry for polishing, decolorizing, optical
filters, and for improving the optical gquality of glass. Rare earth
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fluorides and oxides are used in the cores of are-light carbons for
greater light intensity. Misch metal made from rare earths is used
in lighter flints.  Other metallurgical applications include use as
deoxidizers, desulfurizers, and grain refiners., Miscellaneous uses
include the producticn of chemical compounds and use in the
electronic industry.

Monazite has been reported in many localities in NAR. It has
been identified in granites from Maine to Virginia, but in most areas
it has only been a mineralogical curiosity or a collector's item.
Rare earth glkalies containing minerals of rubidium and cesium are
found in many of the pegmatites of Maine, New Hampshire,
Massachusetts, and Connecticut, indicated in Figure H-8. A belt of
monazite, extending through Basins 20 and 21 in Virginia, is known
to contain 27 occurrences. Rare earth and monazite deposits in
New York, New Jersey, and Virginia are shown in Figure H-8.

The Mineville~Port Henry District in Essex County, N.Y.,
(Basin 11) is the principal area for deposits of apatite containing
a high percentage of rare earths and some thorium. Apatite is found
in mine dumps and mill tailings as part of the waste material dis-—
carded from magnetite mining. Five deposits or prospects are located
in Morris, Sussex, and Warren Counties, N.J., in Basins 14 and 15.

Relationship to water. If rare earths are mined in NAR, water
will be needed to beneficiate the ore. The quantity used per ton
of mill feed will be on the order of 1000 gallons--comparable tao
quantities used in flotation plants recovering other minerals.
Acid and dissolved solids would not be a pollution hazard and
suspended solids would be retained in tailings ponds.

OQutlook. Rare earth metals and compounds are expected to be
consumed on a slightly increasing scale until 1980. The long range
outlook is for a steady growth in consumption with any acceleration
being contributed by uses now in the process of development.

The likelihood exists that by the beginning of the next century
the processing of ores for the extraction of thorium, required to
generate nuclear energy, also will provide byproduect rare earth
minerals, including europium, the least abundant rare earth.

The demand for europium for use in television phosphor, laser and
control-rod material. is increasing.

Generally, the advances in technology will result in an overall
decrease in processing and refining costs, making the opening and
developing of deposits in NAR a greater possibility, especially for
those associated with iron ores in New York and New Jersey.
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TITANIUM

Production and use. Presently, there are two titanium nining
operations in NAR; cone each in New York and New Jersey. One operation
in Hanover County, Va., discontinued production of rutile and ilmenite
in 1968; ancther in Amherst County, Va., closed down in June 1971,
Iimenite is recovered as a coproduct of magnetite from an open pit
mine neer Tahawus, N.Y., and from s placer mine in New Jersey.
Processing at the New York operation consists of grinding the crude
ore and using -wet-magnetic separators. .The less magnetic fraction
containing the ilmenite is sized and concentrated on reciprocating
tables. In New Jersey, sand is plcked up. by suction and pumped to the
mill as a slurry.. At the mil} the slurry is screened and dried, and
the ilmenite jg separated by magnetic and electrostatic methods.

The principal use for titanium is in the making of titanium
dioxide pigment, an important whiting and opacifying ingredient used
in paint. In 1934, the United States produced 32,000 tons of this
plgment and by 1964, production had risen to 551,000 tons. Titanium
had minor use as an alloying element in 193%, but by 1969 production,
reported as sponge metal, was about 14,000 tons. The principal uses
for titanium metal or alloys are in the aerospace and chemical
industries,

Titanium mines which were active in 1964 in Basins 12, 16, and
21 are indicated in Figure H-13, Other deposits in the Region are
as follows: :

In Vermont, titanifercus deposits are in Orleans County
(Basin 11) and Windsor County (Basin 8). Three titanium deposits in
Connecticut are in Basin 10; one in Litchfield County and two in
New London County. In Basin 9, titanium occurs near Cumberland,
R.I.

In addition to the active mine at Tahawus, 11 other deposits
and prospects are known in Essex County, N.Y. (Basins 11 and 12).
Other deposits in the State are in Westchester and Franklin Counties.

In New Jersey, two deposits each are in Ocean (Basin 16) and
Burlirgton (Basin 15) Counties. Another occurrence in Basin 15
congists of a titaniferous outcrop neer Durham, Bucks County, Pa.
Two placer deposits are in Cecil and Worcester Counties, Md.
(Basin 18). Several deposits are in Basin 18 in Virginia.

Relationship to water. The quantity. of water used in mining
and beneficiating titanium ores depends on the type of mine and
mill., In NAR, the active open pit mine uses more water for milling
than in mining. Water used by these mills is obtained from lakes,
rivers, or wells, and the supply is adequate for the present. Water
used in the open pit mines to control dust during drilling is not
recoverable but the loss is negligible. There is no rock drilling
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at the placer mine but prospecting for additional ore is accomplished
by water jet drilling; water loss is minor.

Seventy percent of the water used in processing ore at the
mine and mil! in New York is obtained from mine drainage, the
balance is from Sanford Lake. Eighty-six percent of the water is
discharged untreated into surface channels from the tailings pond.
Present supply of water is reported to be adequate.

Water used by the plant in New Jersey is primarily for trans-
porting the ore to the initial screening process and is obtained
from two wells., The company reports the supply is adequate for the
present and if necessary for additional supply, a third well is
available, Nearly 50 percent of the total water used is recirculated
and discharged water is treated by settling.

The guality of water required at these mines and mills, at the
present, is not critical. However, treatment of recireulated water
to eliminate solids is necessary for use in rock drilling operations.
Water is used to transport the ore at the placer operation and only
settling is necessary to remove solids before reuse or discharge into
surface channels,

Water supply for this industry, at the present rate of
production, is adequate and additional water is available for antic-
ipated increased requirements. The New York State mine has an -
additional supply of water available from a nesrby lake. The Virginia
mine could recirculate water to eliminate a possible shortage of new
water. Waste water is treated to remove suspended solids before
being discharged,

Outlook. Titanlum resources in rock are far greater than those
in placer deposits. However, about half the present output comes
from placers. This relationship of sources probably will continue
for many years since the quality of concentrate recovered from sand
1s high and mining costs are low. The long-range outlock ig toward
fuller utilization of the more plentiful rock deposits.

Requirements for all uses of titanium in the United States by
the year 2000 will range between 1.1 million and 2.6 million tons.
Continued growth in the use of titanium dioxide pigment will con-
tribute to the demand range for titanium in 2000. Demand for the
metal for chemical processing and serospace applications is expected
to increase at a much faster rate than for the pigment, and by the
year 2000 may constitute up to a third of the total demand as compared
with only b4 percent in 1968.

Water supply is adequate to support increased production at
most plants but use of recirculated water may be necegsary. Antic-
ipated expansion of this industry need cause no water pollution
problem because suspended solids are removed by settling and most
flotation reagents are biodegradable.
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